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J The Propagation of Filtrable Agents Producing Lymphoid Tumors 


And Osteopetrosis by Serial Passage in Chickens 


B. R. Burmester, Ph. D., and G. E. Cottral, D. V. M. 


(From the U. S. Regional Poultry Research Laboratory, East Lansing, Michigan) 
(Received for publication July 31, 1947) 


Although numerous experiments have shown 
that erythro- and myeloid leukosis may be trans- 
mitted by a filtrable agent (14), only a few reports 
have suggested that lymphomatosis may be trans- 
mitted by a similar agent. 

By the use of filtrates of strain 2, Furth (9) 
produced what was thought to be a rare type of 
lymphomatosis. It was characterized by the ap- 
pearance, in the blood and many organs, of large 
lymphocytes with occasional formation of lym- 
phoid tumor-like nodules, endothelioma and severe 
anemia. Pentimalli (16) described a readily trans- 
plantable lymphoid tumor strain. Based upon 
results obtained from filtration, desiccation, and 
glycerination experiments, he concluded that the 
strain did not contain a filtrable agent. Olson (15) 
developed a tumor strain having similar char- 
acteristics; however, he did not report on attempts 
to transmit it by cell-free material. The propa- 
gation of + lymphoid tumor strains by cell trans- 
plantation from cases of naturally occurring 
visceral lymphomatosis was reported by Burmester 
and Prickett (3). These strains were similar among 
themselves and to those of Pentimalli (16) and 
Olson (15) in that the type of involvement was 
similar, the incidence of tumor takes was high and 
the rate of tumor growth was rapid. Brewer and 
Brownstein (2) have also reported on the rapid 
transmission of visceral lymphomatosis with sus- 
pensions of tumor pulp. 

Burmester, Prickett, and Belding (4) in a series 
of 3 experiments demonstrated the presence of a 
filtrable agent in the lymphoid tumor originally 
studied by Olson (15) and obtained at this 
Laboratory in June, 1942 and since designated 
here as RPL 12. This filtrable agent failed to 
induce tumors at the site of inoculation in a short 
period of time (inocula-containing cells produce 
tumors at the site of inoculation) but produced 
within 6 months’ time a high incidence of osteo- 
petrosis and lymphomatous tumors of the viscera. 
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The object of this paper is to report on the 
propagation of the filtrable agents of the lymphoid 
tumor strain RPL 12 during 6 serial passages in 
young chickens and to describe the gross manifes- 
tations obtained in the various passages, with dif- 
ferent routes of inoculation, and with different 
types of donors and preparations. 


MATERIALS AND METHODS 


In the work to be reported here two different 
types of inoculum were used. The serial passages 
were made with tumor material or plasma rendered 
cell-free by centrifugation and filtration. At the 
same time supplementary inoculations were made 
in certain instances with tumor cell suspensions or 
whole blood of the same source as the cell-free 
preparations. 

Preparation of filtrates——The cell-free extracts 
of lymphomatous liver tissue were prepared by 
homogenizing the tumor in 7 parts 0.85 per cent 
NaCl solution in a Waring Blendor for 20 minutes. 
Examination of samples by direct and dark-field 
illumination of wet specimens and fixed smears 
processed with Wright’s stain revealed that after 
8 minutes of homogenizing very few intact cells 
were found, these being mature erythrocytes, but 
a large number of free nuclei were seen. After 16 
minutes no intact cells were found, the number of 
free nuclei was much less and the innumerable 
particles seen in the suspension were much smaller 
than in samples taken after 8 minutes. 

For the two inoculations of the second passage 
Seitz clarifying filters, K1 and K7, were used. The 
former was more retentive than the latter. Micro- 
scopic examination of these filtrates failed to reveal 
intact cells or free nuclei. Inoculum for the third 
and fourth passages was prepared by centrifuging 
the homogenate for 20 minutes at about 3,000 
RPM and then filtering through a Seitz S1 pad. 
The sixth passage was made with material pre- 
pared in a similar manner except that 7 parts of 
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Tyrode’s solution at pH 7.1 was used and the 
centrifuged supernatant was filtered first through 
a preliminary and then through a regular Mandler 
candle. 

The plasma was obtained from blood which had 
been withdrawn from the heart of donors into a 
syringe containing 0.1 volume of heparin solution 
having a concentration of 0.4 gm. per 100 ml., in 
0.85 per cent NaCl solution. It was separated from 
the cells by centrifugation and then filtered 
through a sterilizing Seitz S1 pad for passages 1, 
3, and 4. A Jenkins-Fisher sterilizing filter was 
used for passage 5 inoculum. 

Forty-eight hour broth cultures of Serratia 
marcescens were used to test all Seitz $1 filters 
after their use with the extracts and the regular 
Mandler candle before and after it was used for 
liver extract. In all cases 1.0 ml. of the filtered 
broth cultures failed to seed tryptone broth; 
whereas the unfiltered portion produced typical 
growth in all tests. 

For the extra inoculation of passage 3 the 
plasma was diluted with equal parts of sterile dis- 
tilled water. Part of it was then subjected to 
high-speed centrifugation. It was spun in an angle 
centrifuge for 20 minutes at 5,000 RPM and the 
supernatant transferred to six 14-ml. lusteroid 
tubes and spun at 19,000 RPM (27,000 times the 
force of gravity). After centrifuging for 24 hours 
the contents of each tube was divided into halves, 
the upper portions were combined and transferred 
to other lusteroid tubes and the lower portions 
were similarly combined. The two fractions were 
again spun for 24% hours at 19,000 RPM, after 
which the upper half of the contents of each tube, 
containing the first upper fraction, was carefully 
transferred to a serum bottle for inoculation and 
the lower portion, containing the first lower 
fraction, was transferred to a second bottle. 
Gelatinous pellets or sediments were not obtained 
in either of the two high speed centrifugations. 

Preparation of cellular inoculum.—The tumor 
cells suspensions were prepared by a method 
already described (3). The whole blood as used 
for inoculation was not treated after its collection 
from the donor. 

Experimental birds——The recipient chicks were 
pedigreed and obtained from matings of an inbred 
line (line 15) of chickens relatively susceptible to 
lymphomatosis yet which developed only a few or 
no cases when maintained under quarantine (17). 

The chicks were inoculated at 1 to 3 days of age 
with 0.25 to 0.5 ml. of the cellular inoculum or 0.5 
to 1.0 ml. of the cell-free preparations by the 
intraperitoneal route except where otherwise in- 
dicated. The different inoculation groups of the 
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same passage were reared in the same battery and 
pens; however, birds of different passages were 
maintained in separate quarantine pens. 

Two groups of non-inoculated control chicks, 
from the same matings used for the inoculations, 
were maintained for the first 90 days after hatch- 
ing in a similar but separate quarantine pen from 
the inoculated chicks. During the second period 
of about 90 days, one control group was main- 
tained with birds of the first passage and a second 
group was kept in the same pen with birds of the 
extra inoculation of passage 3. 

All experimental and control birds were ex- 
amined after they had died, or were killed to serve 
as donors, or at the termination of the experiment. 
All except 2 groups were terminated at 6 months 
of age. Because of a misunderstanding the birds 
of the fourth passage were killed at 5 months of 
age and those of the fifth passage were terminated 
at 3 months of age. All diagnoses were based on 
gross alterations observed at necropsy and at 
periodic clinical examinations. In addition, tissues 
of all donors were examined microscopically. 


PASSAGES AND RESULTS 


A summary of the transmission data for the 
various inoculations and passages is presented in 
Table I. The results of inoculations representing 
the first passage of this series have already been 
presented elsewhere (4). They are included here 
to facilitate comparison with data of subsequent 
passages. The inoculum used to initiate this series 
was plasma obtained from 2 chickens which had 
received an implant of Strain RPL 12 tumor cells 
7 days previously. These donors had large intra- 
muscular tumors at the site of inoculation and 
diffuse involvement of several visceral organs. 
The filtered plasma produced tumors in 86 per 
cent of those inoculated by the intravenous and 
by the intraperitoneal routes. Most of the birds 
had tumors in the viscera but many also had 
osteopetrosis. 

Two cases from the first passage were used as 
donors at 190 and 192 days of age. Both had 
lymphomatous tumors of the viscera but only one 
showed evidence of osteopetrosis. Filtrates from 
both donors produced a high incidence of tumors. 
The Seitz K7 filtrate of the donor having only 
visceral tumors produced osteopetrosis in 37 per 
cent of the recipients, while the Seitz K7 filtrate 
of the donor with osteopetrosis produced this tu- 
mor in 53 per cent of those inoculated. However, 
osteopetrosis did not occur in a group that had 
received the Seitz K1 filtrate prepared from the 
latter donor. 

For the third serial passage again 2 donors were 
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used. Both arose in the group of the second pas- 
sage that had been inoculated with liver tumor 
iltrate from a bird showing only visceral tumors. 
The first donor for the third passage had both 
osteopetrosis and visceral tumors, and was 148 
days of age when sacrificed. Filtered plasma and 
liver homogenates reproduced a high incidence of 


filtered liver extract developed lymphoid tumors 
in the viscera; whereas, only 38 per cent of the 
plasma-inoculated group developed similar tumors. 

The fifth passage was made with plasma of a 
chicken of the previous passage that had been 
inoculated with plasma and had developed severe 
lesions of osteopetrosis but showed no evidence of 


both pathologic alterations in the recipients. The visceral involvement. The recipients were main- 


TABLE I: TRANSMISSION DATA FOR THE SERIAL PASSAGE OF A LYMPHOID TUMOR WITH 
FILTRATES AND COMPARATIVE INOCULATIONS W1TH CELL SUSPENSIONS 
Donor used 


Inoculum Average 
Days Diagnosis No. > with tumors survival 
Passage after Filter chicks Total % _ visc. cases 
No. inoc. gross micro. Source used inoc. Bone  Visc. Nerve pos. (days) 
1 7 P. Vt  P,V,90 Whole blood None 4* 0 100 0 100 7 
yr, ¥ P, V Whole blood None + 0 100 0 100 13 
Plasma Seitz S1 14* 43 57 7 86 132 
Plasma Seitz S1 14 43 71 0 86 165 
Not inoculated—-Contro!s 14 0 0 0 0 ane 
2 189 V V Liver tumor cells None 14 7 64 7 72 71 
Liver homogenate Seitz K7 19 37 68 5 79 147 
2 187 V,0 V,0 Liver tumor cells None 15 20 87 0 87 84 
(extra) Liver homogenate Seitz K7 15 53 87 7 87 143 
Liver homogenate Seitz K1 15 0 60 7 60 137 
3 145 V,0 V, 0 Whole blood None 8 0 63 0 63 43 
Plasma Seitz S1 20 50 65 5 85 131 
Liver tumor cells None 10 30 80 0 80 75 
Liver homogenate Seitz Sl 18 33 67 17 78 128 
Not inoculated—Controls 17 0 0 0 0 — 
3 159 0O 0 Whole blood None 13 15 69 0 77 119 
(extra) Plasma Seitz S1 16 44 69 6 69 135 
Plasma Centrif. Upper fract. 20 50 70 0 85 136 
Plasma Centrif. Lower fract. 20 45 65 0 80 131 
4t 43 V,0 V, 0 Plasma Seitz S1 16 19 38 12 63 103 
Liver homogenate Seitz S1 17 12 77 0 77 104 
ST 57 0 0 Plasma Jenkins 14* 7 29 0 36 
Plasma Jenkins 14 0 7 0 7 — 
6 96 V V Liver homogenate Mandler 18 83 95 0 95 140 
Total and average percentages for cell-free preparations, exclusive of 
passages 4 and 5 189 44.4 70.4 4.8 81.0 137.0 
Not inoculated—Controls 31 0 0 0 0 


*Inoculated by intravenous route, all others intraperitoneal route. 
P = Intramuscular tumors. V = Visceral tumors, O = Osteopetrosis. 
{Passages 4 and 5 were terminated at 5 and 3 months, respectively, all others were terminated at 6 months of age. 


second donor showed evidence of only osteopetrosis 


tained for an experimental period of only 96 days, 
at 162 days of age. Since the liver was not tu- 


during which time 3 of 28 birds inoculated had 
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morous only filtered plasma was used. This in- 
oculum produced a high incidence of visceral tu- 
mors and osteopetrosis. A difference in the 
incidence of the two manifestations between the 
upper and lower high-speed centrifuged fractions 
of plasma was not obtained. 

The fourth serial passage was made with plasma 
and lymphomatous liver of a 44 day old bird. This 
donor had been inoculated with filtered plasma of 
the 148 day old donor of the third passage. By 5 
months of age both groups of this passage de- 
veloped a high incidence of tumors, although there 
was a marked difference between the two groups 
in the percentage with visceral tumors. Seventy- 
seven per cent of the chickens inoculated with 


died with tumors and 3 others were found to have 
tumors when they were killed on the date of 
termination. 

Birds of the sixth serial passage received a 
Mandler filtrate prepared from the liver of one of 
the three birds having tumors at termination of 
the fifth passage. Eighty-three per cent of the 
chickens that received this inoculum developed 
osteopetrosis and 95 per cent (all but one) had 
tumors in the viscera. 

The total tumor incidence for all groups that 
were inoculated with filtrate and were maintained 
for 6 months was 81.0 per cent. Most of these (88 
per cent) had tumors of the viscera and they died 
on an average of 137 days after inoculation. About 
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one-half (55 per cent) had osteopetrosis and only 
a few (6 per cent) had neurolymphomatosis. 

None of the chickens of the two non-inoculated 
control groups showed any evidence of tumors or 
other manifestation of lymphomatosis. 

The pathological manifestations obtained with 
filtrate inoculations of the 6 passages were similar 
to the visceral tumors and osteopetrosis previously 
described as the result of inoculations with cell- 
free preparations of this tumor strain (4). Massive 
lymphomatous tumors of the viscera occurred in 
all groups, and osteopetrosis occurred in all except 
2 groups inoculated with filtered material. One to 
3 cases typical of neurolymphomatosis were ob- 
served in 8 of the total of 15 groups inoculated with 
cell-free material. 

Almost half of the positive cases had more than 
one type of involvement. Of the 153 cases ob- 
tained in the filtrate-inoculated birds held for 6 
months, 67 had a combination of osteopetrosis 
and visceral tumors, 66 had visceral tumors with- 
out osteopetrosis and only 17 had osteopetrosis 
without gross evidence of visceral tumors. Of the 
9 cases which had nerve involvement all but 3 also 
had osteopetrosis or visceral tumors. 


TABLE II: Gross INVOLVEMENT OF VISCERAL ORGANS 
AFTER INOCULATION WITH CELL-FREE MATERIAL 


Percentage distribution of 


Pas- - , Lesions among organs of lymphomatous birds 
We. prong Liver Spleen Kidney Gonad Heart Prov. Perit. 
l 11 100 82 73 18 9 9 9 

2 28 97 82 53 25 7 4 

3 51 100 73 39 24 + + 0 
+ 15 100 80 80 27 20 0 0 
5 5 100 80 80 20 0 Q 0 
6 17 100 88 76 12 18 0 6 





w 
LS) 


22 9 


ie 7 
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Total 127 99 79 


Gross tumor involvement of the various visceral 
organs in chickens that died after inoculation with 
cell-free material is summarized in Table II. 
Cases showing any visceral involvement almost 
invariably had lymphomatous livers. Most of 
them also had spleen and kidney involvement, 
followed by tumors of the gonad, heart, proventric- 
ulus and peritoneum in frequency. Other organs 
were occasionally involved. No apparent differ- 
ence in the frequency of involvement of any organ 
was noted between the various passages, between 
different routes of inoculation, types of donors 
used or preparation of inoculum. 

Study of tissues from all the donors and a 
limited number of recipients showed that the mi- 
croscopic alterations found were uniformly typical 
of visceral lymphomatosis (8, 11) and osteopetrosis 
(1, 4, 10). 


DISCUSSION 


It is apparent that no significant trend or change 
occurred in the manifestations of this agent during 
the 6 passages. The type of lesions remained the 
same, and the incidence of osteopetrosis, visceral 
tumors, and neural involvement remained at about 
the same level, although there was a suggestion of 
an increase in activity since the lowest incidence 
of osteopetrosis and of visceral tumors occurred in 
the first and second passages, while the highest 
incidence occurred in the last or sixth passage. The 
average age at death was also remarkably similar 
for the 11 filtrate inoculated groups maintained 
6 months. 

Data presented in Table I indicate that the rate 
of tumor growth from transplants of tumors in- 
duced by filtrates was much slower than that from 
transplants of tumors that had been propagated 
in series with tumor cells, 7.e., in serial passage 
with cellular inoculum. In inoculations of the 
first 3 passages, groups of chicks were also injected 
with whole blood or tumor cell suspensions from 
the same source as the filtrate preparations. 
Whole blood of birds with 7 day intramuscular 
transplants produced visceral tumors and death 
of all birds in an average of 7 (intravenous route) 
to 13 (intraperitoneal route) days’ time with no 
evidence of osteopetrosis (Table I, passage 1). In 
contrast, chicks injected with whole blood from 
lymphomatous and osteopetrotic cases produced 
by filtrates of the second passage, developed an 
incidence of 63 and 69 per cent visceral tumors, 
respectively, and the age at death was prolonged 
to an average of 43 and 119 days, respectively. 
Two cases of osteopetrosis occurred in the latter 
group. Cellular suspensions of lymphomatous 
livers were also used in inoculation of the second 
and third passages. The incidence of visceral tu- 
mors was high and cases of osteopetrosis appeared 
in the 3 inoculated groups. The birds died on an 
average of 84, 71, and 75 days after inoculation. 

When birds were inoculated with cell suspen- 
sions, prepared from tumors that had been induced 
by a cellular inoculum, tumors were produced in 
all birds, the average survival was 7 and 13 days 
for 2 routes of inoculation (passage 1) and 
osteopetrosis was not evident;! whereas birds in- 





1This is typical of results obtained at this Laboratory 
during 55 serial passages of this tumor strain with cellular 
preparations. All of the 548 birds used in these passages de- 
veloped tumors, the average survival time was 9.52 days 
and gross evidence of osteopetrosis was not observed. Mi- 
croscopic alterations indicative of osteopetrosis were ob- 
served in one case (a donor for passage 1 herein described). 
The lack of appearance of gross bone involvement may 
have been due to the short survival period, which did not 
allow sufficient time for grossly visible bone alterations. 
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oculated with cell suspensions prepared from tu- 
mors that had been induced by a cell-free in- 
oculum developed similar tumors, but the in- 
cidence was lower, the average survival time was 
much longer (43 to 119 days) and osteopetrosis 
was present in all but one group. This longer 
survival time, which is directly related to the rate 
of tumor growth and malignancy may be related 
to the fact that the filtrate-induced tumors used 
in the transplants took much longer to develop 
(average of 137 days) than did tumors grown in 
serial passage with cell transplants (average of 
10 days). 

A similar difference in results between cell-free 
preparations of tumors induced by cellular in- 
oculum and cell-free preparations of tumors in- 
duced by filtrates was not obtained in these 
passages. Actually, the filtrate used for the sixth 
passage produced the highest incidence of tumors 
and the third passage filtrate group had the lowest 
age at death (excluding passage 4). However, the 
differences between these values are small and in- 
significant. Since the apparent activity of the 
filtrates remained at about the same level, whereas 
the apparent malignancy of the tumor cells was 
much greater in the first than in subsequent pas- 
sages, one may infer that a positive relation be- 
tween the malignancy of the tumor cells and 
virulence of the tumor agent was not obtained in 
the present experiment. 

Tumors in birds that received filtrates were 
presumably due to a filtrable agent or agents con- 
tained therein; however, tumors in birds that were 
injected with cell suspensions may have been due 
to direct multiplication of the transplanted cells, 
or due to an agent within the cells injected or a 
combination of both. It is significant that except 
for the first passage (from transplanted tumor) the 
cellular inocula were no more effective in producing 
lymphomatous tumors and osteopetrosis than 
filtrates prepared from the same source. 

Although cases of neurolymphomatosis occurred 
only in inoculated groups the incidence is low and 
of doubtful significance. Its occurrence may or 
may not be due to factors other than the inoculum. 

During the course of the serial passage inocu- 
lations a limited number of transmission variables 
were tested in a preliminary manner. In the first 
and fifth passages the intravenous route of inocu- 
lation was compared with the intraperitoneal 
route. The differences obtained were small and 
not consistent. In the first test the intravenous 
route caused death in a shorter time but the 
intraperitoneal route produced the higher in- 
cidence of visceral tumors. In the second test a 
higher incidence in a 3 months’ period was ob- 


tained with the intravenous route. No difference 
was obtained in either test in the occurrence of 
osteopetrosis. 

In passages 3 and 4+ filtered plasma was com- 
pared with the liver filtrate from the same donor. 
No differences were obtained in the passage 3 test 
with respect to incidence of osteopetrosis, visceral 
tumors, or to length of survival time. In passage 
4. which was terminated at 5 months, the in- 
cidence of visceral tumors in the liver filtrate 
group was almost twice that in the plasma-in- 
oculated group; however, there was but little dif- 
ference in the total incidence of tumors. It is thus 
apparent that an active agent was present in both 
the lymphomatous liver and in the blood plasma. 
Differences in the concentration of the active 
agent could not be estimated because the experi- 
mental design does not lend itself to such analyses. 

An attempt was made to concentrate the agent 
in plasma by two centrifugal runs at 19,000 RPM 
(27,000 times gravity). No difference in trans- 
mission was obtained between the upper and lower 
one-half of the contents of the centrifuge tubes. 
This result was to be expected since no pellet or 
other evidence of separation was obtained during 
this centrifugation. In later experiments, working 
with muscle tumors, Burmester (5) obtained evi- 
dence of sedimentation of the same agent or agents 
by centrifugation at 19,000 RPM and at 40,000 
RPM. 

Homogenized lymphomatous liver tissue filter- 
ed through a Seitz sterilizing filter in the third 
passage produced as many tumors as similar ma- 
terial filtered through Seitz clarifying K1 and K7 
filters for inoculation in the second passage. 
Although comparisons of these filters must be 
made with results obtained with different donors, 
it would appear that under the conditions of these 
inoculations the fine filters did not remove much 
more agent than the coarser ones. 

There were variations in the pathological altera- 
tions of the donor which were not correlated with 
similar variation in the recipients. The donors 
used for passages 2 and 6 had massive lympho- 
matous involvement of the viscera but no gross or 
microscopic evidence of osteopetrosis; however, 
37 per cent of the birds of passage 2 and 83 per 
cent of those in passage 6 developed osteopetrosis. 
This incidence was as high as, or higher than, other 
passages in which the donor had osteopetrosis. 

Donors used for the extra passage 3 and for 
passage 5 had osteopetrosis without gross or mi- 
croscopic evidence of lymphomatous involvement 
of the viscera, yet a high percentage of the recip- 
ients developed visceral tumors. Although no 
attempt was made to separate the two manifesta- 
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tions during several serial passages, there was no 
indication of a tendency for one manifestation or 
the other to become predominant when a donor 
with only one type was used. 

Two explanations may be presented: (a) the 
two manifestations are due to one and the same 
agent, and tissue resistance or other similar factors 
determine the type of involvement obtained, or 
(b) two separate agents are responsible for the 
two different manifestations and the alterations 
obtained are due to the relative activity of each 
agent. It has already been suggested that 
osteopetrosis and lymphomatosis may be due to 
different agents (4). Further evidence of a sep- 
arate etiology was obtained by differential centrif- 
ugation studies (5). The ‘‘masked”’ or ‘‘latent”’ 
nature of the agent of osteopetrosis was noted by 
several investigators (1, 7, 10). A similar phe- 
nomenon has been demonstrated for Rous tumor 
virus (13), the Shope papilloma virus (12), and 
has been suggested for other agents of the avian 
leukosis complex (7). Thus, there is some evidence 
suggesting that osteopetrosis and lymphomas of 
the viscera are produced by different agents, and 
that either may remain latent in recipients and 
become overt in subsequent passages. 

The results of 8 different inoculations and 2 con- 
trol groups furnish conclusive evidence that an 
agent or agents passing through bacteria-re- 
taining filters will induce the formation of 
osteopetrosis and lymphoid tumors of the viscera. 
The incidence of grossly visible tumors was high 
(69 to 95 per cent) in all groups inoculated with the 
filtrates and maintained for 6 months; whereas no 
evidence of tumors appeared in two control groups. 

Sterilizing Seitz S1 filters were used for the 
preparation of 7 filtered inocula tested. All filters 
when tested after filtration of the inocula were 
found to retain Serratia marcescens completely. 
An 8-pound Mandler candle filter was used for 
another inoculation. This filter was tested before 
filtration of the inoculum and again after it was 
cleaned and resterilized. In all cases, filtrates from 
48 hour broth cultures of Serratia marcescens were 
sterile. A Jenkins-Fisher filter? was used for the 
ninth filtrate. This particular filter was not tested 
for its retention of bacteria; however, 6 filters of 
the same type and chosen at random were found 
to completely retain Serratia marcescens. 

Since all passages after the first were made with 
filtrates from donors that had received only fil- 
tered material, it may be assumed that the agent 
was propagated in the host as a result of the action 
of the agent or agents. 





2Obtained from Fisher Scientific Company, Pittsburgh, 
Pa. 
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In working with visceral tumors from cases of 
naturally occurring lymphomatosis, Burmester 
and Denington (6) were able to produce a high 
incidence of lymphomatous tumors with cell-free 
preparations from 5 of 10 of the original tumors. 
One of these preparations also produced osteo- 
petrosis. Four tumors were propagated in serial 
passage with cellular preparations (7). Filtrates 
prepared from three propagated tumors produced 
a high incidence of lymphoid tumors within a 
period of 200 days. The transmission and path- 
ological characteristics of these three strains 
(RPL 18, 20, and 21) appear to be similar (except 
for a variation in the incidence of osteopetrosis) to 


the tumor strain used for experiments reported 
herein (RPL 12). 


SUMMARY AND CONCLUSIONS 


1. The filtrable agent or agents inducing 
osteopetrosis and lymphoid tumors of the viscera 
were propagated through 6 serial passages in 
chickens. 

2. The incidence of tumors and average survival 
time were quite uniform for the several filtrate 
inoculations and passages. An average of 81 per 
cent of all birds inoculated showed some gross 
involvement and they died on the average in 137 
days. Of the total positive cases 55 per cent had 
osteopetrosis, 87 per cent had visceral tumors, and 
6 per cent had neurolymphomatosis. 

3. Results obtained from inoculation of chicks 
with tumor cell suspensions and filtrates prepared 
from the same tissue suggest that there was no 
relation between the malignancy of the tumor cells 
and the virulence of the agent. 

4. After the first passage, filtrates were as effec- 
tive as cell suspension in producing visceral tu- 
mors, and the filtrates invariably produced a 
higher incidence of osteopetrosis. 

5. Filtrates appeared to be about as effective by 
the intraperitoneal route as by the intravenous 
route. 

6. Filtered plasma of tumor-bearing birds pro- 
duced about as high an incidence of tumors in 
recipients as did filtrates of lymphomatous livers. 

7. Neurolymphomatosis appeared in 8 of 15 
groups inoculated with filtrates but the incidence 
was not significant. 

8. Donors showing only osteopetrosis produced 
about the same incidence of visceral tumors and 
osteopetrosis in recipients as donors with only 
lymphomatous visceral tumors or those with a 
combination of the two manifestations. 

9. Conclusive evidence is presented that this 
lymphoid tumor contains a propagative agent or 
agents that will pass through bacteria-retaining 
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filters and will induce a high incidence of osteo- 
petrosis and visceral tumors in chickens within 
6 months’ time. The latter tumors have thus far 
been indistinguishable from the tumors seen in 
cases of naturally occurring viscerallymphomatosis. 
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The Mast Cell Reaction of Mouse Skin 


To Some Organic Chemicals* 


I. Estimation of the Relative Number of Mast Cells in Normal Mouse Skin 


L. —G. Larsson, M. L., and Bengt Sylvén, M. D. 


(From the Department of Radio-Pathology, Radiumhemmet, Stockholm, Sweden) 
(Received for publication June 22, 1947) 


Quantitative determination of the etheral sul- 
phuric acids in the granules of the mast cells in 
small pieces of tissue would be of considerable 
value, but unfortunately no micromethods for 
such extractions and analyses have yet been de- 
vised. As matters stand, morphologists have thus 
to perform a rough estimation of the number of 
mast cells and their granule content from micro- 
scopic slides. The counting of mast cells per tissue 
unit presents no difficulties per se, but the esti- 
mation of the amount of metachromatic granules 
is rather subjective. However, when large dif- 
ferences exist in the number of mast cells and 
the granule content, such rough methods seem to 
give conclusive results (6, 7), but minor differences 
are apt to be overlooked. The methods outlined 
above are essential for studying the mast cell re- 
action to different agents. Without entering more 
closely into the rough quantitative data supplied 
by earlier authors (1, 2), a more detailed study 
will be presented in this paper, including a fairly 
reliable counting technic suitable for experimental 
work. 

Whenever quantitative methods are applied for 
the demonstration of biological reactions, many 
questions will arise as to the validity of the control 
material. For instance, is it possible to determine 
a ‘‘normal’”’ number of mast cells per cu.mm. in the 
skin of mice? How are they related to age, sex, 
body weight, nutritional conditions, and so forth? 
How large are the individual variations in litter 
mates? Are the individual variations small enough 
to permit a reliable ‘“‘normal value’ in the same 
region in the skin of mice, which in other respects 
are comparable? 

Furthermore, we recall that some mast cells 
are rich in granules and will be heavily stained, 
whereas others are poor in granules and conse- 
quently are more difficult to discern. According to 
Hellstr6m and Holmgren (3) it is desirable to per- 
form the counting in thick sections (about 100 yz) 





* Aided by grants from the Caroline Institute, and Consul 
General Axel Ax:son Johnson, Stockholm. 
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in order to reduce the sources of error, but in such 
sections granule-poor mast cells are easily over- 
looked. Thus we are compelled to count these 
cells in sections of different thickness and the 
technic must be varied with regard to the ma- 
terial and scope of investigation. Many mast 
cells in the skin contain only a few small granules, 
and therefore comparatively thin sections have 
to be used. 

Most skin lesions chemically induced involve 
inconvenient secondary changes such as edema 
and inflammatory cell reactions, resulting in an 
increase in volume of the dermis. A mechanical 
counting of the number of mast cells per cu. mm. 
of dermal connective tissue could easily lead to an 
erroneous decrease in the number of such cells. 
To avoid the error due to such secondary volume 
increments, we have correlated the total number 
of dermal mast cells with the measured length of 
the epidermis. This is apparently the method of 
choice under such circumstances. 

The methods here reported are specially devised 
for experimental purposes, viz. for further studies 
on the effect of carcinogenic hydrocarbons, and 
will deal only with the number of mast cells in the 
skin of the interscapular region. 


TECHNICAL DETAILS 


A stock of common Swiss albino mice was regis- 
tered as usual with regard to age, weight and gen- 
eral condition and fed the same mixed diet. Only 
animals free from abrasions, lice, vermin and 
fungi were used. With the help of a binocular 
loupe and small curved scissors the hairs were cut 
1 to 2 days before death, and care was taken not 
to injure the epidermis. Cutting was performed in 
a rectangular field (1 cm. X 2 cm.) on each side of 
the spine in the interscapular regions, leaving a 
small strip of the coat between the fields. Flaps 
including the whole skin down to the deep ex- 
ternal fascia were then excised. The skin flaps, 
measuring about 0.7 X 1.5 cm., were fastened 
with thin steel needles to pieces of cork. To 
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minimize distortion, faulty stretching and curling 
vu! free edges this was done before the last two 
edges of each flap were cut free. One strip from 
each cut skin area was then placed for 12 hours in 
a + per cent solution of basic lead acetate (4) and 
fixed in a mixture of equal parts of formaldehyde 
solution (14 per cent) and basic lead acetate (8 
per cent) for 36 hours. For cytological examination 
similar flaps were fixed in a solution of formalde- 
hyde, corrosive mercuric chloride and acetic acid. 
From each flap two sets of paraffin sections were 
prepared, measuring + and 10 uw in thickness 
respectively. All sections were perpendicular to 
the skin surface. 

All sections of 10 uw were routinely stained in 0.1 
per cent toluidine blue solutions in 1 per cent and 
30 per cent alcohol (6, 7). The other set of sections 
was stained for cytological examination. Only 
sections of 10 uw treated with the basic lead acetate 
solutions and stained in 0.1 per cent toluidine blue 
in 30 per cent alcohol solution were accepted for 
mast cell count. 


METHODS OF COUNTING 


Mast cell counts in thin sections (10 uw) were 
done by the following methods: 

1. One side of a square-ruled ocular micrometer, 
(described below,) was placed as close as possible 
to the borderline between epidermis and dermis. 
Mast cells were then counted separately in that 
part of the slide corresponding to the upper half 
of the micrometer net as well as in that correspond- 
ing to the lower half. In other words, the number 
of mast cells was estimated, in the first instance, 
in the superficial portion of the dermis, and in the 
second, in the lower dermis and in the hypodermal 
tissue (Fig. 1). The slide was then moved 
laterally and a new pair of half-squares were 
counted as before. Manipulations and counting 
procedures were repeated 60 times in each case, 
and the mast cell count thus obtained gave an 
average value of the number per tissue volume 
corresponding to the calibrated square rule. The 
average numbers derived from the right inter- 
scapular region of the animals were denoted by 
A and B respectively, and refer to the upper and 
lower halves of the micrometer. Correspondingly, 
the average numbers of mast cells derived from 
the left side of the animals have been called a and b. 


Thus, 
A and a = the average number of mast cells (60 observa- 
tions) in a piece of the superficial dermis 
measuring 0.01 mm. X 0.0044 sq. mm. 
Band b = the average number of mast cells (60 observa- 


tions) in a similar piece of deep dermal and 
hypodermal connective tissue from the left 
side of the animal. 





2. The other method implies that we determine 
the number of dermal mast cells per 1.0 mm. of 
epidermal length. This method is designed to 
avoid the error due to secondary volume incre- 
ment. Accordingly, a linear calibrated ocular 
micrometer measuring 1.00 mm. in length is used 
to apply this standard to the microscopic slides. 
Thus, 1.00 mm. is plotted with small dots on the 
slide along the epidermal basement membrane, 





Fic. 1.—Areas for counting of mast cells in normal 
mouse skin. Mag. X 1235. 


and then the number of mast cells is counted in 
the underlying dermal connective tissue. In this 
way a total of 40 to 50 mm. of skin is examined in 
sections 10 uw in thickness. To get such a long area 
of skin, 6 different non-serial sections have usually 
been used. The average numbers of mast cells in 
the dermis per mm. of epidermal length was de- 
noted by C and ¢ corresponding with the desig- 
nations used above. 


C and‘c = _ the average number of dermal mast cells per 1.0 


mm. of epidermal length, regardless of dermal 
thickness. (Sections, 10 u. Number of ob- 
servations 40 to 50.) 


The following standard microscopic equipment 
was used throughout: Zeiss achromatic objective 
No. 20, ocular No. 7, and one ocular, square-ruled 
micrometer net, measuring 0.3 mm. X 0.3 mm. 
( = 0.09 sq. mm.) with reference to the object. 


RESULTS 
For the estimation of the number of mast cells, 
the first method was applied to 10 mice 8 weeks 
old (Table I). Forty-two additional mice 2 to 
3 months old were further examined but for 
the sake of brevity these results are not recorded 
in detail. However, it may be mentioned that the 
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number of mast cells in this material showed the 
same average value (A and a = 10.3) and also 
very large individual variations (Table I). Both 
methods were used in two groups of litter mates 
(Table II). Only the second method was applied to 
2 groups of litter sucklings (Table III). 

The figures in Tables I, II and III and those of 
the additional material mentioned above justify 
the following conclusions. 


cell count obtained in symmetrical skin areas 
shows remarkable similarity for both sides as 
manifested by the reported quotients A/a and 
C/c. The corresponding quotients B/b do not 
express as great conformity. 

Thus, we have found a method suitable for ex- 
perimental purposes, viz. for studying the effect 
of different agents on the number of dermal mast 
cells, provided that symmetrical skin areas from 


TABLE I: RELATIVE NUMBER OF MAST CELLS IN THE INTERSCAPULAR SKIN OF NORMAL 8 WEEKS OLD Swiss ALBINO MICE 


Number of mast cells 


Right side 
Mouse Age, Weight, + E* 

No. weeks gm. 
17 8 19.5 10.5+0.5 2.4 +0.3 
2 8 17. 9.0 0.5 as Gs 
3 § 14.5 15.4 0.8 4.2 0.4 
+ 8 17.5 7.1 0.4 3.3 0.3 
5 8 20. 9.4 0.6 2.1 0.2 
6 8 18. 19.7 0.9 5.1 0.4 
7 8 19.5 8.2 0.4 34 G2 
8 8 [Zo 11.1 0.7 3.5 0.3 
9 8 25. 9.2 0.5 2.1 0.2 

10 8 13.5 10.3 +0.6 3.8 +0.3 

Average numbers: 11.0 cy 4 


Standard deviation for quotients: 


*For explanation of symbols see Methods of Counting. 
TMice Nos. 1 to 5 are litter mates. 


Quotients 
Left side 

a+eE b+E A/a B/b 
9.9+0.6 3.0+0.3 1.06 0.90 
9.2 0.6 2.6 0.3 0.98 0.96 
16.8 1.0 3.9 0.4 0.92 0.93 
6.7 0.4 3.0 0.3 1.06 1.10 
10.4 0.7 2.4 0.2 0.90 0.89 
21.5 1.0 5.0 0.4 0.92 1.02 
8.4 0.5 S020 G3 0.98 0.97 
10.0 0.6 3.9 0.3 1.11 0.90 
8.7 0.5 3.0 0.2 1.06 0.70 
10.3 +0.6 3.43.5 1.00 1.19 

11.2 Le 
+0.08 +0.14 


TABLE II: RELATIVE NUMBER OF MAsT CELLS IN THE INTERSCAPULAR SKIN IN A SECOND SERIES OF 6 TO 8 WEEKS OLD Swiss ALBINO MICE 


Number of mast cells 


Right side 
BtE 


Mouse Age, Weight, A+t+E Ci é& 
No. weeks gm. 
117 6 19 9.9+0.5 3.8+0.3 40.7+3.5 
12 6 16 8.6 0.5 1.8 0.2 28.4 3.0 
13 614 19 7.1 0.4 2.9 0.3 27.2 2.6 
14 614 16 12.8 0.6 3.6 0.3 36.6 3.2 
15 7 17 96 GOS 64 GS Bo bd 
16 7 17 8.0 0.4 2.6 0.3 38.5 4.0 
17t 8 18 10.4 0.6 1.9 0.2 30.3 3.1 
18 8 19 10.6 0.6 3.2 0.3 40.2 3.9 
19 816 22 8.4 0.5 1.6 0.2 35.3 3.0 
20 814 18 11.2 0.6 2.5 0.3 43.0 4.2 
21 9 18 6.0 0.4 3.6 0.3 28.3 3.0 
22 0) 18 7.8+0.4 1.8+0.2 30.5+2.8 
Average numbers: Aanda = 9.3 
B and b = __ 2.6 
Candc = 34.3 


Standard deviation for quotients: 


tMice}Nos. 11 to 16 are litter mates. 
{Mice Nos. 17 to 22 are litter mates. 


The individual variations of the average num- 
bers of mast cells in the different age groups are 
very large, both in the dermal (A, a, C, and c) and 
in the hypodermal (B, and b) material. Even if 
we could present a “statistically correct’’ average 
number of mast cells in mice of different age 
groups, these figures would be of little or no value 
to experimental research, because they do not 
permit any conclusions as to the actual number 
of mast cells in the individual mouse. 

On the other hand, a comparative dermal mast 


Quotients 
Left side 
ateE b+ E crteE A/a B/b Cre 
10.7+0.6 3.940.3 42.0+3.5 V.93 0.97 0.97 
95 0.55 2.2 0.2 27.4 3.1 0.91 0.82 1.03 
74 0.4 2.5 0.3 25.0 2.5 0.96 1.16 1.09 
11.9 0.6 3.0 0.3 35.0 3.5 1.08 1.20 1.05 
8.4 0.5 3.0 03 344 3.1 1.14 1.13 1.03 
S7 GS 23 O@2 BS 35 0.92 1.13 1.00 
11.8 0.6 1.9 0.2 35.1 3.4 0.88 1.00 0.86 
10.3 0.6 3.0 0.3 37.5 3.7 1.03 1.07 1.07 
7.5 0.4 1.3 0.2 32.4 3.5 1.12 1.23 1.09 
10.7 0.5 2.0 0.2 38.1 4.0 1.05 1.25 1.13 
7.4 04 3.4 0.3 30.0 3.2 0.81 1.06 0.94 
9.3+0.5 1940.2 34.0+3.1 0.84 0.95 0.90 


+0.12 +0.16+0.09 


the same animal always serve as controls. We 
hardly need repeat that this method so far is ap- 
plicable only to dorsal skin areas, and is valuable 
chiefly for studying the strictly dermal mast cells. 
Furthermore, because of the apparent discrepancy 
between section thickness and mast cell size, the 
methods are unsuitable for the estimation of the 
total numbers of mast cells per tissue unit. If 
absolute numbers are desired, counting must be 
performed on thicker sections (3). 

The number of mast cells was not found to be 
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ane 


constantly larger in young animals (Table III) 
than in adults (Table II), and thus the statement 
by earlier investigators could not be corroborated 
(1, 2). For lack of additional data this fact will 
not be discussed (3). In most mice high and low 
numbers of mast cells in the dermis were found to 
be consistent with respectively high and low num- 
bers of hypodermal mast cells (Table I and IT). 


TABLE III: RELATIVE NUMBER OF MAST CELLS IN THE INTERSCAPULAR 
SKIN OF YOUNG ALBINO MICE COUNTED PER MM. OF EPIDERMIS 








Number of mast cells Quotient 
Meuse Age, Weight, Right side Left side 

No. days gm. CE c+tE C/c 
23 4 3 19.8+0.4 19.8 +0.5 1.00 
24 4 3 23.1+0.5 23.4+0.5 0.99 
25 4 3.5 14.7 0.8 16.0 0.9 0.91 
26 13 6 17.4 0.8 19.4 0.6 1.12 
27 13 5 21.3 0.8 18.0 1.5 1.18 
28 13 5.5 20.0 + 1.4 24.4 £ 1.2 0.90 

Average numbers: 19.1 19.5 
Standard deviation for quotient: +0.12 


STATISTICS AND ERRORS 


The errors inherent in both methods presented 
above depend upon two different types of error, 
vis. (a) biological and individual variations in the 
frequency of mast cells, and (b) technical errors 
due to the methods of preparation. Our primary 
values are influenced by both groups of errors 
simultaneously. Due to the fact that our methods 
imply comparisons between the relative numbers 
of mast cells in symmetrical skin areas from the 
same animal, we have avoided the error caused by 
individual variations. The biological variation in 
the number of mast cells in the same animal is of 
course not eliminated. We have to mention the 
following important technical errors: overstretch- 
ing of flaps, swelling, shrinkage, faulty section 
angles, and thickness. 

A statistical expression of the distribution of 
our primary values is obtained by calculating the 
standard error of the mean for A, B, C, a, 6, and ¢, 
called E4, Ep, etc. (Eq. 1). The resulting standard 
errors for the quotients are calculated, (Eq. 2) and 
amount to + 10 per cent for A/a, and + 15 per 
cent for C/c. These standard errors do not include 
Systematic technical errors. 

If under extremely unfavorable conditions all 
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sources of error go in the same direction, we would 
get a considerable total error. But fortunately 
the actual error usually is much smaller, as evidenced 
in Tables I to III. The standard deviation of 
quotients A/a and C/c amounts to + 10 per cent 
(Eq. 3). This expression includes all possible 
sources of error. Thus, we are justified in stating 
that these counting methods are fairly applicable 
to experimental purposes. 

The methods reported above will be used in 
serial studies on changes in the frequency of 
visible dermal mast cells induced by different 
agents. When these standard methods are applied 
to frequent serial observations resulting in uni- 
form numerical changes, we accept deviations in 
quotients exceeding 20 as evidence of true changes 
in the number of granule-bearing mast cells. 


SUMMARY 


In the interscapular skin areas on the dorsum of 
mice of different age groups, the individual varia- 
tions in the number of dermal and hypodermal 
mast cells were found to be so large, that it proved 
impracticable to determine an average standard 
number. On the other hand, in each individual 
the numbers of mast cells were found to be about 
the same in symmetrical skin areas. Using this 
fact, two simple methods are described for the 
quantitative assay of the relative number of mast 
cells in thin tissue sections (10 uw). The methods 
afford ample possibilities for studying the mast 
cell reactions to different experimental agents, 
provided that counts for absolute cell numbers 
per tissue unit are not attempted. 
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In the course of investigations on the metab- 
olism of ester sulphates and mast cells found in 
the stroma of human tumors (13-16), it was de- 
cided to study some principal stroma reactions 
separately by experimental means. One line deals 
with the histochemical reactions occurring during 
the early phases of skin carcinogenesis. With re- 
gard to this topic it was felt that careful reinvesti- 
gations on the effects of common organic solvents 
were badly needed. The following report deals 
mainly with the skin reactions to single painting 
with some common solvents. Simultaneous changes 
in the blood, liver, or urine have not been included. 

The application of pure ether to the skin causes 
but very slight epidermal swelling (10). Alcoholic 
solutions have not been tested. No changes have 
been observed after painting with pure acetone 
(9, 12). On the other hand, pure benzene was 
found to cause swelling of epidermal cell nuclei 
and cytoplasm (10), a moderate hyperemia (12), 
followed by inflammatory response on the part of 
the dermal connective tissue (10), and subsequent 
epidermal regeneration, characterized by hyper- 
plasia and hyperkeratosis (10). The skin response 
to repeated benzene painting has been inadequate- 
ly studied. Orr (9), however, reported a numerical 
increase of the number of mast cells in the skin of 
mice 6 to 8 weeks after painting, “almost to as 
great an extent as with the carcinogens.”’ 

A considerable number of workers have lately 
shown interest in so-called ‘“‘detoxication mech- 
anisms” induced by organic chemicals. The 
protective reactions on the part of the skin con- 
stituents will be mentioned below with particular 
emphasis on the work by Crabtree (1, 2). 


MORPHOLOGY OF THE DERMAL MAST CELLS 


In new-born mice the mast cells of the corium 
present a fairly uniform ovoid shape and con- 
tain a moderate number of specific granules. Dur- 
ing the postnatal development of the skin two 
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separate types of mast cells are differentiated. 
Small mast cells, irregular mast cells poor in gran- 
ules are seen in the papillary and superficial part of 
the reticular layer of corium. In the deeper dermis 
and in the hypodermal connective tissue the mast 
cells are larger, rounder, and have more granules. 
In the first type the granules are very small, often 
dustlike, but in the second type they are coarser. 
For further morphological details the reader is re- 
ferred to comprehensive reviews by Lehner (6), 
Michels (8), and others. 

The metachromatic staining reaction of the 
granular substance (4) is due to their content of 
sulphuric acid esters (7). This constitutes a char- 
acteristic feature of normal mast cells and enables 
us to distinguish them from other connective tissue 
cell elements. Normal tissue mast cells do not 
present any typical fluorescence in ultraviolet 
light (3, 11). We have to recall that all morpho- 
logical descriptions refer to dead mast cells treated 
by various fixatives and other solvents (benzene, 
alcohol, etc.) and thus devoid of normal lipids. 


MATERIAL AND METHODS 

All mice used belong to a common Swiss albino 
stock of mixed genetic constitution, not subjected 
to inbreeding. They are resistant to the induction 
of skin tumors. All animals used were free of skin 
damages, lice and ringworms. Two days before 
painting, the hairs were cut by hand as described 
in the preceding paper (5). 

Painting was performed with the following pure 
solvents: 


Alcohol 25% solution in distilled water 
Ether pure anesthetic diethyl] ether 
Acetone pure 

Benzene pure acc. Ph. S. 


Only the right interscapular region was painted, 
the symmetrical skin flaps on the left side were 
used as controls. The animals were killed at daily 
intervals at the same time, about 10 p.m. One 
pair of skin strips was cut out for fixation in basic 
lead acetate, and another pair for fixation in cor- 
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rosive mercuric chloride solution (5). All technical 
details concerning the excision of skin flaps, fixa- 
tion, staining, and preparation of sections were 
standardized according to methods previously re- 
ported (5). Counting of mast cells was undertaken 
only in isolated (non-serial) sections 10 yw in thick- 
ness. Both counting methods described earlier 
were used (5). In conformity with the foregoing 
paper we have applied the same statistical meth- 
ods and demand uniform serial deviations in 
quotients exceeding + 20 per cent as statistical 
evidence of true changes in the numbers of mast 
cells (5). 
RESULTS 

As previously mentioned, only the observations 
regarding the tissue mast cells will be reported, 
together with some general tissue changes that are 
of importance for the interpretation of our findings. 
Extensive cytological investigations were pub- 
lished by earlier authors. 

Alcohol.—A small number of mice 6 weeks old 
were treated with 12 brush strokes of a 25 per cent 
solution to the right interscapular region. Skin 
flaps were taken from both sides 1, 2, 3, 4, 5, and 
6 days after the painting. In both the experimental 
and control skin strips the number of mast cells 
was found to be of the same magnitude. The 
quotients showed the following variations: 


A/a 0.91+0.08 to 1.14+0.09 
B/b 0.94+0.08 to 1.13 +0.14 
C/c 0.96+0.11 to 1.06+0.14 


Standard deviation for quotients was about 
+ 10 per cent. 

Thus, alcohol painting did not induce con- 
spicuous changes in the number of dermal or 
hypodermal mast cells within 6 days after paint- 
ing. Nor were any changes seen in the granular 
contents. 

Ether.—Four full brush strokes of pure ether 
were applied to the right interscapular region of 
15 mice 6 weeks old, and skin flaps, both experi- 
mental and control, were examined after 4 hours, 
daily from the first to the tenth day and on the 
12th, 14th, 16th, and 18th days. In all cases the 
number of mast cells on the experimental side was 
as great as on the control side, and thus the 
quotients obtained were about 1. The standard 
deviation for quotients was similar to that 
mentioned above. Thus, also in this series there 
was no effect on the number of mast cells. 

No damage to the surface epithelium was ob- 
served after the application of ether, and no swell- 


ing, thickening or hyperkeratosis could be noted 
(10). 


A cetone.—The effect of pure acetone was studied 
by painting the right interscapular region of 6 mice 
8 weeks old with 3 full brush strokes. Mice were 
killed 1, 2, 3, 4, 5, and 6 days after painting. 
The control (left) side was not painted. 

Also in this series the same number of mast cells 
was found in both experimental and control skin 
flaps. The quotients were about 1.0 and thus, the 
conclusion was justified that the application of 
pure acetone did not produce any obvious changes 
in the number of dermal mast cells. 

Apparently, the solvents mentioned above have 
several characteristics in common. They do not 
induce conspicuous cell damage, epidermal hyper- 
plasia, noticeable hyperemia or any inflammatory 
reaction on the part of the dermal connective tis- 
sue, at least when used in the reported concentra- 
tions and amounts. However, we do not know the 
amount of resorption of these volatile solvents 
and their actual effects on the lipid monolayers of 
the cells. They are of low reactivity and thus do 
not demand any complicated protective mecha- 
nisms on the part of the tissue constituents. Our 
results indicate that these solvents do not produce 
any tissue changes involving the granular sub- 
stance of the mast cells. 

Benzene.—The early effects of pure benzene ap- 
plied to the skin was investigated in two series of 
mice (Tables I and II, Figs. 1 to 9). Technical 
details regarding the application of benzene are 
given under each table. The late effects of single 
painting with benzene will be reported in a subse- 
quent paper. 
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Fic. 1.—Relative number of mast cells in the inter- 
scapular skin of mature and young mice after single paint- 
ing with pure benzene. 


Benzene seems to be rapidly absorbed through 
the intact epidermis. A few minutes after paint- 
ing many mice show general convulsion of moder- 
ate degree. Ten to 15 minutes later they appear, 
however, to be well again, and remain so until 
killed. 
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the cytological changes in the epidermal cells, or 
to the epidermal regeneration pattern. 

In both series of mice the application of pure 
benzene apparently induced a considerable de- 
crease In the number of dermal mast cells. This 
decrease is more than twice the standard deviation 
for quotients (5), and amounted to about 50 per 


As to the gross changes a moderate degree of 
hyperemia was observed in the painted areas dur- 
ing the first 3 days after painting, a fact in 
accordance with previous statements (12). The 
microscopic changes were characterized by early 
swelling of the surface epithelia leading to slight 
hyperplasia. The dermal edema, described by 








previous authors, seemed to be moderate and cent during the second to fifth day after painting 
generally more pronounced in younger mice (Table I). After the fifth day a slow reappearance 
than in mature ones. However, the series are of the mast cells was observed. The decrease took 
TABLE 1: RELATIVE NUMBER OF MAST CELLS IN THE INTERSCAPULAR SKIN OF MATURE Mice AFTER SINGLE 
PAINTING With PurRE BENZENE* 
Number of mast cells Quotients 
Right side Left side 
No. days 
after Weight, A + Et B+E CLE atE b+ E cE A/a B/b Cle 
painting gm. 
1 18 5.7+0.3 2.1+0.2 24.1+2.3 6.0 +0.3 2.2+0.2 24.0 + 2.5 0.95 0.95 1.00 
2 20 3.4. 0.3 1.1 0.2 15.0 1.1 8.6 0.5 14 0.2 27.7) 3.0 0.40 0.79 0.54 
3 16 6.2 0.4 27 0.3 20.8 1.9 93 0.6 2.4 0.3 30.9 2.8 0.67 ae 0.69 
4 20 6.1 0.4 1.8 0.2 16.0 1.7 12.2 0.7 2.1 0.3 27.0 2.9 0.50 0.86 0.59 
5 21 4.7 0.4 1.5 0.2 18.8 2.1 90 0.5 23 G3 34.9 3.5 0.52 0.52 0.54 
7 18 7.4 0.4 2.5 0.2 31.3 2.8 98 0.5 3.4. 0.3 48.60 4.5 0.76 0.74 (0.64 
8 21 5.9 0.3 1.8 0.2 28.6 2.6 7.0 0.4 2.0 0.2 34.2 3.1 0.85 0.90 0.84 
10 22 90 0.5 2.4 0.3 44.3 4.1 10.0 0.5 a9 G&S 46.0 4.5 0.90 0.96 0.96 
12 17 19.8 0.9 5.2 0.4 83.2 7.8 21.3 0.9 6.1 0.4 iS Sey & 0.93 0.85 1.11 
15 22 10.7 0.6 2.7 0.3 49.1 5.1 10.0 0.6 2.6 0.3 54.0 5.1 1.07 1.04 0.91 
17-23 93 05 29 03 449 43 90 05 26 03 £445.3 43 441.03 1.12 0,99 
22 18 10.0 + 0.6 3.1+90.3 51.4+4.8 11.0+0.7 2.8+0.3 53.0 +5.0 0.91 1.11 ().97 
Average numbers for controls: 10.3 2.8 41.7 
*Mixed Swiss albino mice 8 weeks old were painted with 3 full brush strokes of pure benzene on the right interscapular region of the skin, 


previously cut. The left side remained untreated and served as control. 


+For explanation of symbols, see Methods of Counting, in the preceding paper. 


TABLE II: RELATIVE NUMBER OF MAsT CELLS IN THE INTERSCAPULAR 
SKIN OF YOUNG LITTER MATES AFTER SINGLE 
PAINTING WITH PURE BENZENE* 


Number of Mast Cells Quotients 
No. days Right side Left side 
Age, after Weight, C+ Ef ctE C/c+ E 
days painting gm. 
14 l 4.5 23.6+2.9 39.0+1.6 0.61+0.08 
15 2 4.8 18.5 2.8 36.0 5.0 0.51 0.10 
16 3 6.0 60.1 2.1 70.9 4.6 0.85 0.07 
17 4 6.0 32.7 1.8 52.6 2.0 0.62 0.04 
18 5 6.0 33.2+2.1 5444+2.3 0.61+0.04 


Average number for controls: 50.6 


*Litter mates 13 days old were painted with 12 full brush strokes of 
pure benzene on the right interscapular region of the skin, previously 
cut. The left side remained untreated and served as control. 

+For explanation of symbols see Methods of Counting, in the pre- 
ceding paper. 


not comparable in this respect because of difference 
in dosage. Previous statements by Orr (9), and 
Stowell and Cramer (12) concerning the inflam- 
matory dermal reaction have been verified. Thus, 
a slight, chiefly neutrophilic cell infiltration was 
found in the dermal connective tissue, but only in 
places and never throughout the dermis. The cell 
infiltration was most striking on the second to 
fifth days after application, then decreased. 
Neither the edema nor the inflammatory cell infil- 
tration were considerable and did not produce any 
observable changes in texture of the loose con- 
nective tissue. No special attention was paid to 


place chiefly in the mast cells of the superficial and 
middle part of the dermis, leaving the hypodermal 
mast cells comparatively unchanged, as may be 
seen from the quotient B/b. As mentioned in the 
preceding paper (5), the second method for count- 
ing mast cells excludes the influence of uncontrol- 
able volume increments due to edema and inflam- 
mation. When this method was applied to a series 
of young mice consistent results were obtained 
(Table II and Fig. 1). 

The interpretation is quite clear. We are not 
justified in believing that the dermal mast cells 
disappeared from the tissue in question. Instead, 
they become temporarily invisible. About half of 
them have lost their specific granules and are no 
ionger stainable with the metachromatic dye. 
After several days the granular substance gradual- 
ly resynthesized and thus a number of mast cells 
reappear in the dermis. These events are amply 
demonstrated by the observation that the granular 
content of the superficial mast cells during the 
first and second days after painting decreases. 
On the other hand, the reverse observation was 
established during the fifth to 15th days after 
painting. 

The question, then, is raised as to what happens 
to the granular substance of the superficial mast 
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Itc. 2.—Control skin area in mature mouse with normal 
distribution of mast cells. Toluidine blue. Mag. X 325. 

lic. 3.—The opposite skin area of the same mouse 3 
days after one single application of pure benzene. Marked 
depletion of superficial dermal mast cells. Toluidine blue 
stain. Mag. X 3285. 


cells. In this series of experiments no signs of 
metachromatic substances being liberated from 
the mast cell cytoplasm were seen; no “free 
chromotrope substances” (14, 16) were found in 
the dermal connective tissue or in the epidermis 
coincidental with the loss of granular substance 
from mast cells; no metachromatic inclusions in 
connective tissue cell elements or macrophages 
could be discerned. Nor did the intercellular fluid 
contain any substances presenting a true meta- 
chromatic staining reaction. This was checked 
by the freezing-drying technic in a small number 
of cases. In other words, the present investigation 





Fic. 4.—Same as Fig. 2. Van Gieson stain. Mag. X 325. 

Fic. 5.—Same as Fig. 3. The cytological changes of 
epidermis and the moderate inflammatory dermal altera- 
tions are seen. Van Gieson stain. Mag. X 325. 


could not elucidate the fate of the liberated granu- 
lar substance. 

It may be well to stress that the decrease ob- 
served in the mast cell number was strictly limited 
to the painted skin areas. In the control flaps on 
the left side of the animals the numbers of mast 
cells were as great as in unpainted mice (5). 

Concerning the quantitative correlation be- 
tween dosage and the resulting loss of granular 
substance, these investigations are inconclusive. 
The maximal loss of visible mast cells for both 
series is about 50 per cent. Considering our de- 
ficient knowledge of the amount of granular 
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Fic. 6.—Unpainted control skin area from 13 days old Fic. 8.—Same as Fig. 6. Van Gieson stain. Mag. X 
mouse. A considerable number of mast cells in the super- 325. 
ficial part of dermis. Toluidine blue stain. Mag. X 325. Fic. 9.—Same as Fig. 7. Pronounced epithelial changes 


Fic. 7.—Two days after painting with 12 brush strokes and moderate inflammatory cell reactions on the part of 
of pure benzene on the right interscapular skin a very the dermal connective tissue. Van Gieson stain. Mag. X 
marked depletion of mast cell granular substance is seen. 325. 

Same animal as in Fig. 6. Toluidine blue stain. Mag. X 
325. 
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substance in the mast cells we are not justified in 
making any definite statements as to the quantita- 
tive correlations before comparable data are ob- 
tained. These conditions will be further discussed 
in a subsequent paper. 

With a view to the quotient B/b, which refers 
to the deepest dermal and the hypodermal layers, 
we have to emphasize its usual instability. Even 
in normal mice this quotient showed very large 
individual variations (5), and so we are compelled 
to state that the values obtained in this series 
render no simple conclusions possible. The sug- 
gestion seems justified that mast cells situated in 
the hypodermis do not participate in the reaction 
to benzene painting, at least not under the con- 
ditions used in this experiment. Hypodermal 
mast cells are not included in the count for each 
millimeter of epidermal length (Tables I and IT: 
C and c). 

As far as we know, this early effect of single ap- 
plications of pure benzene to the skin has been 
neither observed before nor predicted. With a 
view to continued research on the biological signif- 
icance of the granular substance in mast cells and 
the possible types of reactions in which the 
constituents of the granules may take part (13- 
16), it seems to be of importance to consider the 
nature of the reaction reported above. The sug- 
gestion will thus be advanced, that the immediate 
response to benzene painting is a local depletion of 
labile sulphur compounds in the skin (1, 2). This 
depletion is an early reaction, occurring during 
the first hours after painting, and it may second- 
arily induce a subsequent series of reactions tend- 
ing toward the restoration of the sulphur level. 
The granular substance of the tissue mast cells 
might achieve this sulphur restoration in the sur- 
rounding connective tissue, and these cells might 
have a role to play in the production of sulphurous 
compounds to the tissues. These results and their 
possible significance open new doors to the ap- 
proach of the mast cell problem, and it seems 
advisable to undertake more careful studies on 
the reactions of skin to different chemicals. 
Further discussions will therefore be postponed 
until additional data can be presented. 


SUMMARY 


The morphological response on the part of the 
tissue mast cells to single applications of some 
common organic solvents has been investigated 
in the skin of mixed albino mice. Serial observa- 
tions of the number of dermal and hypodermal 
mast cells, together with approximate estimations 
of their granular content are reported. Chemically 
inert solvents such as alcohol, ether, and acetone 


did not induce any significant changes. On the 
other hand, single paintings with pure benzene 
resulted in depletion of the metachromatic granu- 
lar substance of the superficial mast cells. This 
effect was strictly confined to painted skin areas, 
and was found to occur late during the first day 
after painting and to reach a maximum level dur- 
ing the second to fifth day after painting. The 
suggestion has been advanced that the granular 
substance is delivered to the skin in order to restore 
its content of labile sulphurous compounds, which 
have been depleted during the first hours after 
painting (1, 2). 
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The mast cells described by Ehrlich (6) are 
characterized by granules showing a so-called true 
metachromasia. Using asa basis Lison’s statement 
(22) that this color reaction is typical of macromo- 
lecular sulphuric ester compounds and Jorpes’ (17) 
demonstration that heparin is a mucoitin ester 
sulphuric acid showing a distinct metachromasia, 
Holmgren and Wilander (11) proved the mast cell 
granules to consist of a material with the same 
properties as heparin. These authors were able to 
isolate 22 mgm. of active heparin from 10 gm. of 
mast-cell-rich capsule of cow liver, whereas prep- 
arations of mast-cell-poor capsule of lamb liver 
proved to be inactive. Jorpes, Holmgren and 
Wilander (19) also confirmed the conception of 
mast cells as bearers of mucoitin ester sulphuric 
acid (heparin). Later this was corroborated by 
Hirth (10). Wilander (33) in a more compre- 
hensive treatise on the nature of heparin demon- 
strated the mast cells to be the bearers of heparin. 
Mast cells are found exclusively in connective tis- 
sue, in rather variable amounts within the dif- 
ferent parts of the body. Ehrlich had already 
emphasized that these cells occur chiefly in the 
vicinity of blood vessels. For bibliographical notes 
pertaining to mast cells, see Lehner (20), Holmgren 
and Wilander (11) and Michels (25). 

The pathology of mast cells seems still to be 
only partially recognized. Maximow (24) states 
that mast cells change their appearance during 
inflammation. Some are said to burst, and their 
granules are found in the tissues. Maximow also 
emphasizes that the new tissue is free from mast 
cells. Nakashima agrees with Maximow and 
stresses the fact that during the degeneration of 
mast cells the granules lose their metachromasia. 
In addition, Ernst (8) describes morphologic 
changes of mast cells during the first hours of the 
inflammatory process. 

The appearance of mast cells in tumors of vari- 
ous kinds has been dealt with by many authors. 
Sylvén (31) described the appearance of mast cells 
in sarcoma of connective tissue origin. He em- 
phasized that the largest number of these cells 
has “always been demonstrated within the pe- 
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ripheral parts of the tumors, where the infiltrative 
destructive growth and disintegration of surround- 
ing normal tissues takes place.”’ On the other 
hand, mast cells occur only occasionally in the 
central parts of the tumor. Sylvén (31) has re- 
viewed the literature on mast cells in mesenchymal 
tumors. 

The fact that several authors (1, 3-5, 9, 21, 26, 
28, 29, 32) have pointed out the large numbers of 
mast cells to be found in the skin of mice with tar 
cancer is of considerable interest for our work. 
Mast cells will sometimes even form proper nevi 
(3, 4, 9, 29). Borrel, Boez and de Coulon, (3) who 
were of the opinion that cancer is caused by a 
virus, thought that the mast cell reaction ‘‘opened 
the door to all kinds of infections and thus 
favoured the development of cancer,’’ whereas 
Cramer and Simpson (4) believed the accumula- 
tion of mast cells to be a defensive process directed 
against the development of cutaneous cancer. 

Cramer and Simpson (4) carried out a thorough 
investigation of the appearance of mast cells dur- 
ing the development of skin cancer after applica- 
tion of a 0.6 per cent solution of methylcholan- 
threne in benzene to the dorsal skin of mice. They 
demonstrated the accumulation of mast cells as a 
rule to be proportional to the epidermal hyper- 
plasia and considerably to precede the develop- 
ment of malignant growth. In the tumor itself 
mast cells are scarce but are found in large masses 
in the immediate neighborhood of the growth, 
especially where the adjacent epidermis shows 
advanced hyperplasia. Bloom (2) described the 
spontaneous appearance of tumor-like masses of 
mast cells in the skin of older dogs without skin 
cancer. Cramer and Simpson (4) pointed out that 
this observation is of interest, as skin cancer is 
relatively common in dogs. 

With regard to human pathology, the appear- 
ance of large masses of mast cells in lesions of a 
fairly rare skin disease, e.g. urticaria pigmentosa, 
should be mentioned. No relationship of this 
disease to skin cancer is known. 

Finally the fact may be recalled that human 
myeloid leukemia is characterized by an increased 
number of blood-mast cells, as described by Holm- 
gren and Wohlfart (14). The relative percentage 
of blood-mast cells may sometimes rise to about 
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40 per cent and higher in so-called mast cell 
leukemia. 

In investigations on experimental sarcoma in 
rats it was noted that the tumors often contained 
larze amounts of mast cells. The results of a 
study of this subject are presented in this paper. 


MATERIALS AND METHODS 


In the investigations to be described white rats 
from a strain bred at the Karolinska Institute were 
used. At the beginning of the experiments the 
animals were usually from 2 to 3 months old. In 
order to produce sarcoma experimentally, one of 
the following methods was adopted: 

I. Subcutaneous implantation of small pieces 
of + per cent methylcholanthrene-cholesterol into 
the back. 

II. Single subcutaneous injection of about 0.1 
cc. of a 0.5 per cent olive oil solution of methyl- 
cholanthrene into the back. 


III. Single subcutaneous injection of about 0.1_ 


cc. of a 0.5 per cent 3,4-benzpyrene olive oil 
solution into the back. 

Irrespective of the method used, after 5 to 10 
months a localized tumor was often found, which 
proved histologically to be a sarcoma, although of 
varying type. In the transplantation experiments 
small pieces of tumor were implanted subcutane- 
ously into the back by means of a trocar. These 
transplants often ‘‘took”’ quiteeasily. Insomecases, 
however the result was somewhat less satisfactory 
depending on the kind of the transplanted tumor 
pieces. All the specimens for histological exami- 
nation were fixed with 10 per cent formaldehyde 
solution. In some cases 4 per cent basic lead 
acetate was used, an appropriate fixation for mast 
cell granules in view of their possible water- 
solubility (11, 12). When dealing with mast cells 
of rats, formaldehyde is used with advantage, as 
the granules hardly dissolve in water. The diffuse 
tissue metachromasia seems to be more susceptible 
to this influence, which is counterbalanced by the 
use of lead acetate. The specimens were embedded 
as usual and cut in sections 5 to 10 uw thick. The 
sections were stained with 0.5 per cent toluidine 
blue aqueous solution. Details of fixation and stain- 
ing have been described by Holmgren (12) and 
Sylvén (31) 

RESULTS 

A total of 47 cases of sarcomas experimentally 
produced in white rats was studied. In 27 cases 
these sarcomas were produced by injections of 
methylcholanthrene, in 16 cases by implantation 
of pieces of methylcholanthrene-cholesterol, and 
in + cases by injection of benzpyrene. All 3 
methods resulted in sarcomas of varying types. 


The majority of the tumors were of polymorpho- 
cellular or fibroblastic character. Frequently the 
type of tumor changed in different portions. Ina 
small number of cases lipomyxomatous and 
rhabdomyosarcomatous types were observed. 
When stained with toluidine blue, cells containing 
metachromatic granules, 7.e. mast cells, appeared 
in varying number in all tumors, in the tumor tis- 
sue as well as in the capsule. While mast cells 
occurred rather infrequently or were almost lack- 
ing in the polymorphocellular tumor portions 
(sometimes there were none in several visual 
fields), they were usually present in large numbers, 
and sometimes abundantly in the fibroplastic por- 
tions (Fig. 1). In the rather infrequently observed 
lipomyxomatous portions only occasional mast 
cells were found, whereas their number was some- 
what larger in the rhabdomyosarcomatous portions. 

In Figs. 1, 2 and 3 the varying mast cell in- 
cidence in fibroblastic sarcoma portions will be 
seen. Definite interrelation with the intratumoral 
blood vessels was not noted. Neither did there 
emerge a connection between the degree of vascu- 
larization and the percentage of mast cells. The 
polymorphocellular sarcomas were, by the way, 
extraordinarily vascularized. 

As a rule there was no morphologic difference 
between the mast cells within the tumors and those 
situated in other tissues. The content of granules 
in these cells varied greatly (Fig. +). Within the 
frequently occurring necrotic areas, uninjured 
mast cells were sometimes seen (Fig. 5). This 
might be taken to indicate a greater resistance of 
mast cells than of other cells. If mast cells are 
amoeboid cells, as Lehner (20) and others assume, 
one might suppose that they invade secondarily 
the necrotic parts. However, the fact that mast 
cells as a rule are regularly scattered over the 
necrotic areas and generally quite as thickly as in 
the neighboring portions, fails to support this 
presumption. Sometimes the mast cells situated 
within the necrotic areas displayed a varying 
affinity to the stain, so that the granules stained 
a dark blue or blue-green with toluidine blue. In 
the most advanced necroses mast cells have com- 
pletely disappeared or are noticed only as indis- 
tinct, considerably degenerated cells. The mast 
cells with blue to blue-green granules are also 
found in the normal tumor tissue, although more 
sparcely. One might blame deficient staining, yet 
this cannot obtain, since around the cells in 
question other cells are found with obviously 
metachromatic granules. According to unpub- 
lished observations of Holmgren, these cells occur 
also under other similar conditions. They are to be 
regarded as having undergone certain changes. 





688 Cancer Research 












































Holmgren and Wohlfart—Mast Cells in Rat Sarcomas 


689 





er 


diffuse tissue metachromasia was often noted 
within the tumors. The same type of diffuse meta- 
chromasia has previously been described by Holm- 
gren (13) and others in growing embryonal tissue 
and was recently found by Holmgren and Rexed 
(15) in the Biingner bands of regenerating pe- 
ripheral nerves in rats. Sylvén (31) observed in 
granulation tissue and in various mesenchymal 
tumors diffuse metachromasia which he called 
“free chromotrope substance”? and which in his 
opinion is due to mast cells. This conception is 
based upon a subjective estimation of the quantity 
of granules and the number of mast cells in tissue 
containing much or little free chromotrope sub- 
stance respectively. Sylvén states that fewer mast 
cells, poor in granules, are present in the former 
than in the latter. It is of interest to note that 
Quensel (27) found in cancer a ‘“‘mucoid”’ which 
stains similarly to mast cells, wherefore he pre- 
sumes it in both cases to be the same substance. 

In this investigation no very close attention was 
paid to the diffuse tissue metachromasia. As for 
Sylvén’s theory, the fact should be stressed that 
no obvious connection, whatever, between diffuse 
tissue metachromasia and mast cells content 
emerged in our material. One could, for example 
find quite often that areas with strong diffuse 
metachromasia also contained a large amount of 
mast cells. These cells, with variable content of 
granules appear also in parts without diffuse meta- 
chromasia. 

The enormous number of mast cells that we 
found in some tumors raises the question of the 
histogenesis of mast cells. One might ask oneself 
whether these cells invaded from adjacent struc- 
tures or originated from the stroma of the tumor 
tissue. The experimental sarcomas may grow to 
an exceedingly large size (in our series we met with 
tumors weighing over 200 gm.). If these tumors 
are extremely rich in mast cells, as is quite often 
the case, the neighboring tissue could be expected 
to be strikingly poor in mast cells, provided the 
mast cells invaded the tumor from the vicinity. 
Examination of the tissues surrounding the tu- 
mors, however, always showed a fairly normal 


mast cell content. In no case did a rough sub- 
jective estimation of the mast cell content reveal 
a difference as compared with normal animals. 
As already mentioned, the tumor capsules con- 
tained a remarkable amount of mast cells both in 
fibroplastic and polymorphocellular sarcoma. A 
priort the most likely assumption appears to be 
that the mast cells develop locally in the connective 
tissue of tumors. The fact that part of the mast 
cells contain only a few metachromatic granules 
might also be taken to suggest such an origin. 
Under these circumstances one would expect to 
find evidence of mitosis. However, in spite of 
systematic investigation in no case were signs 
found indicating mitosis or amitosis. This agrees 
with the fact that neither Holmgren (15) or others 
have found mast cells in a state of mitotic or 
amitotic division in fetuses of rats, mice or man. 
The appearance of mast cells with only a few 
metachromatic granules might naturally indicate 
that these cells had lost most of their granules, 
and it would be difficult to exclude this possibility 
in every case. The conception that the granule- 
poor cells in tumors rich in mast cells might rep- 
resent young cells where the granules are develop- 
ing, 1s supported by a certain similarity of these 
cells with mast cells in fetuses. There one also 
finds that the granules appear first in the pe- 
ripheral parts of the cells as small, sometimes dust- 
like particles. 

In one experiment macroscopically healthy nor- 
mal tumor pieces were under aseptic conditions 
transplanted subcutaneously into 10 to 15 young 
rats. Nearly one-half of the transplanted pieces 
started growing. From one of the daughter 
growths new transplantations were carried out in 
the same way. Thus we followed a tumor through 
4 generations, not including the mother growth. 
Both the mother growth and the various “‘genera- 
tions” appeared histologically to be fibrosarcomas. 
The mother growth contained relatively few mast 
cells. The first tumor generations presented the 
same picture as the mother growth and also con- 
tained few mast cells. The tumors of the last two 
generations showed more polymorphous cells and 





DESCRIPTION OF FIGURES 1 TO 5 


Fic. 1.—Fibrosarcoma from white rat, extremely rich in 
mast cells, and induced by subcutaneous injection of 3, 4- 
benzpyrene in olive oil. Toluidine blue stain. Mag. X 250 
(approx.). 

Fic. 2.—Sarcoma rich in mast cells from white rat in- 
duced by subcutaneous injection of methylcholanthrene in 
olive oil. Toluidine blue stain. Mag. X 400 (approx.). 

Fic. 3.—Sarcoma from white rat with fair number of 
mast cells, induced by subcutaneous injection of methyl- 


cholanthrene in olive oil. Toluidine blue stain. Mag. X 
250 (approx.). 

Fic. 4.—Higher magnification of mast cells in sarcoma 
from white rat, induced by methylcholanthrene in olive oil. 
Granulation varies greatly. Toluidine blue stain. Mag. 
X 1,200 (approx.). 

Fic. 5.—Mast cells in necrotic area of sarcoma, pro- 
duced in white rat by subcutaneous injection of methyl- 
cholanthrene in olive oil. Toluidine blue stain. Mag. X 


250 (approx.). 
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more necroses than the first generations. Quite 
naturally it was difficult to determine the exact 
number of mast cells owing to the varying dis- 
tribution in the different areas. Therefore, we 
always examined several portions of the tumors. 
On the whole we received the impression that with 
every new generation the picture became more 
polymorphous, the number of mast cells simul- 
taneously declining. Other transplantation ex- 
periments were carried out only through 2 daugh- 
ter generations. Nothing of interest emerged in 
addition to these findings. 

From our experiments it follows that mast cells 
consistently occur in experimental sarcomas of 
white rats, caused by carcinogenic substances, and 
especially in those of the fibroblastic type, where 
they sometimes even reach an excessive develop- 
ment. It is of interest that the mast cells accum- 
ulate to a certain extent in the tumor capsules en- 
casing the sarcomas, and in the connective tissue 
beneath the skin hyperplasias and carcinomas 
artificially produced by Cramer and Simpson (4). 
The study of tumors by Sylvén (31) showed that 
the number of mast cells in his 21 cases of sarcomas 
of connective tissue origin varied but that the 
largest amount was found in the periphery of the 
tumors where “‘the infiltrative-destructive growth 
and disintegration of surrounding normal tissues 
takes place.”’ According to Sylvén, as a rule mast 
cells are occasionally found in the central parts of 
the tumors, especially along the vessels. The con- 
tent of granules in mast cells within the infiltration 
zone varies widely, and it is not unusual to find 
only a few granules. 

Of course, it is not possible to explain the cause 
of the high incidence of mast cells in certain ex- 
perimental sarcomas. One feels rather inclined to 
the belief that these cells take part in the reaction 
of the system against tumor cells. If this is the 
case, however, various types of sarcoma seem to 
produce a changing reaction in the system. The 
question whether the varying mast cell content 
depends upon the degree of differentiation in the 
various tumor types or upon other factors, must 
beleftinabeyance. The assertionby Brack (3a) that 
rapidly-growing tumors in the epidermis and in 
the alimentary canal should contain a large num- 
ber of mast cells is of interest. It is possible that 
the organ or tissue in which the tumor grows has 
some influence on the amount of mast cells in the 
tumor. Furthermore, the position is complicated 
by the fact that in some tumors there are alter- 
nately areas rich and poor in mast cells without 
any other difference in their histological appear- 
ance. At any rate, the appearance of masses of 


mast cells seems to characterize certain experi- 
mental tumor types. The established fact that 
mast cell granules consist of the anticoagulant 
heparin is probably of significance in explaining 
their appearance in tumors. 

The statement of Cramer and Simpson (4) that 
fixation in formalin dissolves the mast cell granules 
in rats, resulting in the appearance of granule-poor 
mast cells is of interest in this connection. Fixa- 
tion in alcoholformol has not the same effect. In 
our cases we used lead acetate in addition to 
formalin. The former coagulates heparin and 
preserves the mast cell granules in rabbits where 
they are extremely soluble in other fixation media. 
In our specimens fixed with lead acetate, we ob- 
served the same pictures as in those treated with 
formalin. Therefore, it does not seem likely that 
the mast cell granules, which in rats are very re- 
sistant to water, can be dissolved (12). The in- 
ference of Cramer and Simpson (4), that in rats 
mast cell granules occur in a water-soluble and an 
insoluble form, does not seem to be satisfactorily 
established. Furthermore, the authors state that 
a powerful mast cell reaction develops after treat- 
ment with methylcholanthrene and that ‘‘certain 
groups of mast cells show a strong golden-brown 
fluorescence.’ According to others and from our 
own experience, normal mast cells possess no auto- 
fluorescence. Since methylcholanthrene, which 
was applied to the skin, has an auto-fluorescence, 
it appears more likely that the fluorescent cells 
observed by Cramer and Simpson (4) were 
macrophages loaded with substance. Admittedly, 
the fluorescence of methylcholanthrene is bluish, 
but we do not know whether this color is changed 
by the fixation. This possibility was disregarded 
by Cramer and Simpson (4). In addition, F. 
Sjéstrand (30) found the macrophages to emit a 
pronounced fluorescence, a fact that should be 
borne in mind in this connection. This fact should 
be considered before accepting the statement of 
Cramer and Simpson as to the auto-fluorescence 
of mast cells under the conditions described by them. 


SUMMARY 


Experimental sarcomas in white rats produced 
by carcinogenic substances regularly contain mast 
cells. In such sarcomas of fibroplastic type the 
development of mast cells can attain an extreme 
degree. 

The mast cells present in experimental sarcomas 
seem to develop locally in the connective tissue of 
the tumors, and this suggests that they take part 
in the reaction of the system against the tumor cells. 

Within the necrotic tumor areas the mast cells 
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frequently well preserved, a fact that seems to 


point to these cells possessing a greater power of 
resistance than the tumor cells. 
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Pigmented Precancerous and Cancerous 
Changes in the Skin 
V. R. Khanolkar, M.D. 


(From the Tata Memorial Hospital, Bombay, India) 
(Received for publication May 20, 1947) 


The changes to be described here concern pig- 
mented Bowen’s disease, squamous-cell carcinoma 
and basal-cell carcinoma of skin. They do not in- 
clude the group of melanoma, melano-epithelioma 
or melano-carcinoma, nor the pigmentation in 
conditions sometimes leading to cancer, such as, 
senile keratosis, keratosis resulting from arsenic, 
tar or radiation and xeroderma pigmentosum. 
The changes described in this paper have not at- 
tracted enough attention of dermatologists, and 
Eller and Anderson (8) have stated that pig- 
mented basal cell carcinomas were “quite un- 
common.” Ata recent symposium on ‘Malignant 


The present study is based on tumors from 15 
patients seen by us during the last 5 years at the 
Tata Memorial Hospital. Four of them showed 
multiple lesions, and will be considered separately 
from the rest. The following table summarises in- 
formation regarding age, sex, location etc. in the 
remaining 7 out of the first group of 11 cases. 
These tumors were all deeply pigmented and 
histologically presented the structure of a basal- 
cell or a basal-squamous type of carcinoma. They 
were similar in so many features, that only 4 out of 
11 have been described as illustrating their prob- 
able mode of evolution. 


Case 
No. Nationality Age Sex Site Duration Diagnosis 
1 Muslim 45 M Chin 1 year Basal sq. cell ca 
2 Parsee 60 M Scalp 5 years Basal cell ca 
3 Hindu 38 M Leg Mole since childhood, recent Basal cell ca 
(Deccani) growth 3 weeks 
4 Hindu 54 M Forehead 8 years Basal cell ca 
(Gujarati) 
5 Parsee 73 M Nasolabial fold 4 years Basal sq. cell ca 
6 Parsee 59 F Arm 6 months pigmented mole start- Basal cell ca 
ed bleeding 
7 European 50 F Forehead 2 years Basal sq. cell ca 


Melanomata” in Leeds, England (4) the opinion 
was expressed that, ‘“‘It was surprising but true, 
that these (pigmented tumors of epidermal origin) 
are not recognised by the majority of pathologists, 
and there is very little in the literature about them. 
But it is very important that they should be recog- 
nised, for the prognosis and treatment in these 
cases is exactly similar to that of the non-pig- 
mented tumors of the same series and quite dif- 
ferent from that of the melanomata. The im- 
portant point is for the pathologists to recognise 
that pigment formation is a function of a group of 
tumors other than the true melanomata’’. It has 
been suggested that many melanotic tumors re- 
ported to have been cured by local excision or 
radiation were probably tumors belonging to this 
group. It is known that some of these tumors 
originate from pigmented nevi and without a 
histological examination are not easily distin- 
guished from true melanomas. 


REPORT OF CASES 


Case 8. # 13052.—A 64 year old lean Parsee saw 
a skin specialist for a fungus infection of his feet 
and one finger. He also casually referred to an 
“eruption” on the chest which was diagnosed as a 
‘precancerous condition.”’ The patient was there- 
fore referred to the Tata Memorial Hospital. On 
examination a roughly oval skin lesion was seen 
over the right lower ribs in the nipple line. It had 
started as a small dark spot several years back and 
had gradually increased in a circular spreading 
manner. There was neither pain nor itching but a 
slight oozing of clear fluid from the surface. The 
lesion was about 5 cm. in diameter. Its edge was 
raised, about 1 mm. wide, wavy and dark purple 
in color. It was clearly demarcated from the ad- 
jacent normal skin. The central portion was 
smooth, glazed and pale pink. A cluster of few 
raised pigmented spots was seen in the center. A 
biopsy from the edge showed the characters de- 
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Fic. 1.—Case 8.: A camera lucida drawing of a section 
of the entire tissue removed by biopsy. The oval bud in the 
center is over the spreading edge of the lesion; and the 
healed atrophic skin is seen towards its right. Masson’s 
trichrome stain. Mag. X 65. 

Fic. 2.—Case 8.: Photomicrograph showing a _ net- 
work of fine argentophil fibers formed by the numerous 


scribed below. The lesion regressed rapidly and 
completely with four exposures of 600 r units daily 
(85 kv; 1 Al; T. S. D. 15 cms. and a total radia- 
tion of 2400 r). 

Histological examination—The biopsy piece 
(Fig. 1) consisted of stratified squamous epithelium 
clothing a fibrovascular layer of dermis. The 
epidermis was thinner than the normal for that 
region and showed towards the middle of the 
section a small oval bud of proliferated basal cells 
pushing downwards in the dermis. The peripheral 
cells were columnar, contained large oval nuclei 
and a small amount of pale basophilic cytoplasm. 
These cells were arranged in a palisade. The more 
loosely arranged central cells were smaller with 
round or oval nuclei containing sparse granules of 
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dendritic processes of proliferated melanoblasts in epi- 
thelial buds. Silver impregnation. Mag. X 100. 

Fic. 3.—Case 9.: Photomicrograph showing cords of 
proliferating epithelial cells pushing into the dermis. The 
central bud shows an area of degeneration and necrosis in 
the middle with a debris of pigment granules and des- 
quamated cells. Hematoxylin and eosin stain. Mag. X 100. 


chromatin material. There was a minute area of 
surface ulceration over the epithelial bud. The 
epidermis of the normal skin showed widely sep- 
arated short rete cones. The basal layer of cells 
was darkly pigmented with fine brown particles. 
In the healed area, towards the center of the 
lesion, there was a complete obliteration of rete 
cones and the epithelium was flat and thin. The 
basal cells were without pigment. In this area the 
pars papillaris of the dermis showed a loose, ir- 
regular texture of collagen fibrils, interspersed 
with arcades of newly formed blood capillaries and 
foci of mononuclear cellular exudate. The pilo- 
sebaceous structures were distorted and atrophic. 
The downgrowing bud was lying in a bed of con- 
centrically arranged lax, edematous collagen 





694 


Cancer Research 





fibrils. Focal accumulations of lymphocytes and 
histiocytes were lying outside this zone. In sec- 
tions impregnated with silver the epithelial bud 
showed the proliferating basal cells interwoven 
with a large number of melanoblasts connected 
with a meshwork of fine argentophile fibers (Fig. 
2) formed by the numerous dendritic processes of 
these cells. The elastic tissue net was absent in 
the superficial zone of the dermis except along the 
few hair sheaths and ducts of sweat glands. There 
were few macrophage cells loaded with coarse 
brown pigment in the dermis. The section gave 
an impression of healing at the center and a spread- 
ing neoplastic edge at the periphery, consisting of 
proliferated basal cells and melanoblasts. In the 
healed area the epidermis and the surface zone of 
the dermis were morphologically altered, but no 
trace had been left of the neoplastic epidermal 
cells. 

Case 9. + 14275.—-A fair complexioned Parsee, 
47 years old, had two small pigmented moles on 
his body ‘“‘ever since he could remember.’’ One 
was situated over the middle of the right clavicle 
and the other in front of the upper third of the 
right arm. The latter was slightly raised above 
the surface, about the size of a lentil (5 mm.) and 
surrounded by an areola of brownish skin roughly 
2.5cm. broad. About eight vears back the mole on 
the arm began to grow in size and the surface 
‘broke into scab covered black fragments’’. Re- 
cently the fragments began to itch and weep. He 
consulted a surgeon who excised the two moles 
and sent the one from the arm to us for histological 
investigation. 

Microscopic examination showed a_ picture 
similar to that of the advancing edge in Case 1, 
except that there were several separate buds of 
proliferating basal cells growing deeper down into 
the dermis. The bigger buds showed a central 
area of degeneration and necrosis, with a clear 
space containing a debris of pigment granules and 
desquamated flakes (Fig. 3). The basal cells 
tended to flatten as they approached the core. 
There was no evidence of healing. The melano- 
blasts appeared to proliferate and migrate away 
from the periphery of the buds. They were 


SS 


gradually involved in the degenerative process of 
the cells towards the center. The proliferating 
buds of epidermal tissue lay in a broad sheath of 
loosely arranged collagen fibrils. Subjacent to the 
superficially ulcerated epithelium, there was a 
rich cellular exudate of lymphocytes, eosinophiles 
and histiocytes, between richly sprouting blood 
capillaries. 

Case 10. # E788—An olive-complexioned 63 
year old Anglo-Indian physician had a small hair- 
less mole on his right forearm lateral to the flexor 
tendons, about 6 cms. above the wrist for “‘many, 
many years.”’ The color of the mole was uniformly 
black and it was smooth on the surface. About 
two months back he noticed that the mole had 
begun to increase in size and to itch. The physician 
attributed this to long hours spent every day in 
filling a multitude of army forms. He remembered 
that the itching sensation began one night and the 
next morning there was a slight erythematous 
area round the mole. The surface became rough 
and raised with a couple of weeping points exuding 
a clear pinkish fluid. No scabs were formed. As 
the mole rapidly doubled its size, the physician 
consulted a surgeon who excised the mole and gave 
him a rather gloomy prognosis about his condition. 
He saw us with his excised tissue. 

A naked-eye examination of the tissue showed a 
superficially ulcerated, small (6 mm.) brown 
nodule raised about 3 mm. above the surface. On 
cut section an ovoid, dark brown, firm mass clearly 
stood out from the dermis. It was darker near its 
outer edges. The microscopic examination re- 
vealed a sharply circumscribed nodule of neo- 
plastic cells (Fig. +), composed of lobules separated 
by filamentous processes of fibrovascular con- 
nective tissue. The cords and lobes presented the 
characters of a baso-squamous epithelioma (Fig. 
5) with round or oval spaces in the center filled 
with fine concentrically arranged lamellae of 
keratinized material. An area of surface ulceration 
was dipping into dilated follicles, crypts and fis- 
sures burrowing into the tumor mass. The tumor 
cells in the peripheral cords were unevenly laden 
with dark brownish pigment. The silver prepara- 
tion (Fig. 6) showed a proliferation of melano- 





DESCRIPTION OF 


Fic. 4.—Case 10.: A camera lucida drawing of a section 
of the nodule removed by operation. Faintly stained with 
hematoxylin. Mag. X 25. 

Fic. 5.—Case 10.: Low power photomicrograph of the 
area marked in Fig. 4 above, showing the characters of a 
baso-squamous epithelioma. Hematoxylin and eosin stain. 
Mag. X 150. 


FIGURES 4 TO 7 


Fic. 6.—Case 10.: Low power photomicrograph of a 
portion of the area marked in Fig. 4 above, showing a 
proliferation of melanoblasts, with a network composed of 
their branching protoplasmic processes. Silver impregna- 
tion. Mag. X 200. 

Fic. 7.—Case 11.: Photograph showing a superficially 
ulcerated dark nodule on the face. 
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blasts and their branching twigs creeping between 
tumor cells, as well as coarse grains of pigment in 
sroups of melanophores in the dermis. 
~ Case 11. #5220-——A medium colored, 40 year 
old Mahar woman, mother of two children, was 
admitted for a small circular superficially ulcerat- 
ing black growth on the face (Fig. 7). She had 
noticed the growth for nearly two years. It had 
started as a tiny sore spot, which did not cause any 
discomfort except that it occasionally irritated her. 
She accidently injured it two months back and it 
began to grow rapidly. On examination, a flat 
black round nodule about 0.5 cm. in diameter was 
discovered filling the left nasogonial fold. It was 
slightly raised above the surface (4 mm.) and was 
not adherent to the subcutaneous structures. 
There were a couple of spots of surface ulceration. 
At its periphery the nodule showed a peculiar 
smooth, translucent appearance which is often 
noticed in basal cell tumors of the skin. 

Microscopic examination of the excised nodule 
showed a slightly more advanced stage of basal 
cell carcinoma, dotted with small cystic spaces 
containing pigment granules and remains of dead 
tumor cells. The cells inside the tumor cords were 
elongated and fusiform. Many of them contained 
a fine dust of brown pigment in their cytoplasm. 
Golden brownish pigment was also seen in the 
bodies and branches of the many ramifying cells 
between the characteristic columnar and fusiform 
cells. The dendritic cells were easily discernible in 
unstained sections. There were also groups of 
melanophores loaded with clumps of pigment in 
the dermis. 

COMMENT 


All the tumors belonging to this group were 
characterized by an insidious onset, and a slow 
clinical course. Many of them were stated to have 
originated in a pigmented mole which had been 
present for a very long time. The tumor had 
sometimes attracted the attention of the patient 
after a negligible injury. There was no infiltration 
of deeper structures nor was there an involvement 
of regional lymph nodes or distant viscera in any 
of the cases. There was no preponderance of oc- 
currence in either sex. Their location was not 
restricted to any particular part of the skin, 
although the face and particularly the nasogonial 


a 


fold appeared favorite sites. The histological find- 
ings in these tumors presented several characteris- 
tics in common, and the differences were mainly 
quantitative as regards (a) the size of the lesion 
and its encroachment on the dermis (b) the rela- 
tive participation of polygonal prickle cells in the 
cords of basal cell carcinoma and (c) the amount 
of pigment visible or demonstrable in the tumor 
mass. In none of these tumors true nevus-cell 
accumulations (cell nests, theques) were seen in the 
dermis and there was nothing to suggest an affilia- 
tion of these tumors with the group of benign or 
malignant melanomas. These tumors appeared 
to be satisfactorily eradicated by adequate ex- 
cision or contact radiation therapy. 


MULTIPLE BASAL-CELL PIGMENTED TUMORS 


Case 12. # 14612.—A tall, thin, nervous, wheat- 
coloured, 51-year old Eurasian married woman 
was admitted for ulcerated black nodules on the 
skin. When she was about 30 years old a group of 
‘pigmented moles” reappeared on her body. Some 
of these had begun to spread into black patches 
during the last 7 to 8 years. She had developed a 
‘boil’ above the pubes which burst and formed a 
red tumor about %4 inches in diameter. It was 
excised and treated by a surgeon who examined 
it microscopically and had called it a “rodent 
ulcer’. She was referred for her black patches to a 
specialist whom she saw after 5 years. The der- 
matologist found some areas with scabs on the 
surface. “‘One old one looked melanotic. This she 
had for 15 years. The others have been there for 6 
years.” As he was of opinion that ‘‘the appearance 
of some lesions was like a precancerous condition” 
and others like that of a ‘‘basal cell carcinoma,”’ 
the patient was referred to the Tata Memorial 
Hospital. On examination the woman (Figs. 8 and 
9) was found to have numerous (over 200) pig- 
mented moles on the neck, the trunk and the 
thighs. There were no pigmented spots on the 
face. There were several flat black patches on the 
trunk which were roughly circular and clearly 
demarcated from the neighboring healthy skin. 
The central portions of these patches were super- 
ficially ulcerated and were covered with brownish 
scales of dried secretion. There was also an in- 
tensely black nodule on the back, at the waist line 





DESCRIPTION OF FIGURES 8 TO 10 


Fics. 8 and 9.—Case 12.: Front and back views of the 
trunk showing numerous pigmented moles, two super- 


ficially ulcerated areas, and three intense black nodules on 
the skin. 


Fic. 10.—Case 12.: Low power photomicrograph from 
a section from the flat patch behind the right thigh, show- 
ing superficial ulceration and thin branching cords of tumor 
cells infiltrating into the dermis. Hematoxylin and eosin 
stain. Mag. X 150. 
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(21.5 X 1 cm.) anda flat, superficially ulcerated, 
slightly pigmented patch on the back of the right 
thigh (1.5 cm. in diameter). These last two were 
excised, and a biopsy taken from the edge of the 
patch on the right loin. 

Microscopic examination.—The material ob- 
tained after excision was available for study and 
showed a great variety of structure of basal cell 
carcinoma type. Curiously enough the flat patch 
behind the right thigh showed greater anaplasia 


— 


15 years, during which time he had developed 
similar lesions over other parts of the body. The 
latest of these was about three years old. The 
ulcer or the lumps did not pain him but he felt an 
itching sensation over them. On examination a 
black, firm, flattened mass (3 X 2 X 0.5 cms.) was 
felt in the skin over the body of the left mandible 
just in front of its angle. The mass was ovoid, 
raised above the surface and ulcerated in the cen- 
ter. The surface of the ulcer was covered with 





Fic. 11.—Case 13.: Photograph showing the pigmented 
ulcerating nodule on the left lower jaw. 


and deeper infiltration by tumor cells (Fig. 10), 
which were arranged in long thin branching 
strands, or scattered in small groups of cells in the 
dermis. The pigmentation was associated with a 
proliferation of melanoblasts and other changes 
that have already been described. 

Case 13. #3377.—A dark-skinned 76 year old 
Indian Christian, father of 12 children, wasadmitted 
for an ulcerated black nodule over the left lower 
jaw. He had had a “boil” in the same place when 
he was 20 years old which had healed after being 
incised to let the pus out. He developed a 
small lump (Fig. 11) on the same spot forty years 
later which had burst and left an ulcer. This ulcer 
had steadily increased in the course of the previous 


Fic. 12.—Case 13.: Photograph showing pigmented 
nodules in the two groins and the rhomboid dry scaly*area 
in the left hypogastric region. 


dried black scabs. It was freely movable over the 
subjacent structures. There were three other 
similar nodules on the trunk. These stood 
out more prominantly and were less pigmented 
than the lump on the jaw. They were located over 
the tip of the left costal cartilage in the right groin 
and on the left thigh near the attachment of the 
scrotum. On careful examination, a rhomboid, 
rough, dry, scaly area on the skin of the left lower 
abdomen (Fig. 12) was seen that had not at- 
tracted the attention of the patient. The area 
was 4 cm. long at its widest extent and was clearly 
defined by a black, uneven margin. All these 
lesions were excised with about 1 cm. of normal 
skin beyond them and were available for histo- 
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logical study. A full-thickness skin graft was 
placed on the raw area left on the face after the 
excision of the mass. The patient made an un- 
eventful recovery and has not reported since with 
any recurrence of his disease. 

Miscroscopic examination.—All the lesions in- 
cluding the dry, scaly area showed the structure of 
a basal cell carcinoma, with slight variations in 
tvpe in the different nodules. These lesions af- 
forded excellent material for a study of the pro- 
liferative changes in melanoblasts, by dopa re- 
action and silver impregnation. These changes 
will be referred to later while considering the 
nature of pigmentation in these tumors. 


COMMENT 


Multiple tumors of this type are very rare in 
published reports. The cases reported by Nomland 
(16), Pautrier and Archambaut (17), and by 
Nisbet (15) probably belong in this category. In 
view of the discussion following the case reported 
by Nomland (19), it is necessary to point out that 
the areas of predilection for epithelioma adenoides 
cysticum, vz. the lower eyelids, nose and portions 
of the cheek, were exempt from disease in both the 
patients described above. Case 13 was a male and 
there was no evidence of a familial tendency to 
disease in either case. Further it was found that 
even though the lesions in both patients were 
present for a long period the onset of disease 
was not in early life, nor was an accelerated growth 
associated with the time of puberty. The similar- 
ity between these cases and those reported in the 
literature consisted in the following features: 

1. A clinical resemblance to pigmented nevi 
without the presence of nevus cells arranged in 
cell nests (theques), or strands in the dermis. 

2. A slow evolution with probable origin in a 
preexisting pigmented mole. An absence of re- 
gional or distant metastases even after many 
years’ existence. 

3. Variation in form, color and histological de- 
tails in different lesions in the same person. 


MULTIPLE SQUAMOUS CELL PIGMENTED TUMORS 


Case 14. 45608.—A fair-skinned Hindu bania, 
owner of an electrical appliances shop, was ad- 
mitted to the hospital on Nov. 16, 1943 with an 
ulcerated growth at the base of the left palm. He 
gave the following history about his complaint. 
A few small dark spots had suddenly appeared 
at the root of the palm just below the middle 
of the right wrist 10 years previously. These spots 
increased slowly in size and had fused to form a 
firm, dark nodule causing itching and some dis- 
comfort. He was treated by his physician with 


ultraviolet rays which seemed to arrest the growth 
of the nodule. It started growing again after 2 
years. He was treated by “application of radium.”’ 
The condition improved under this treatment. 
The lesion became active again after an interval of 
two years. He was treated with deep x-rays in 
1937 and 1940. He denied having had any medi- 
cines containing arsenic. He was unable to supply 
exact information regarding the dosage of the 
x-ray and radium therapy. On examination a 
firm ulcerating growth about 5 cm. in diameter 
was seen in front of the wrist spreading on to the 
palm of the hand (Fig. 13). The growth was sur- 
rounded by a broad zone of depigmented skin and 
a darkly pigmented ring outside it. The growth 
was partly fixed to the tendons of the flexor 
muscles. There was a black rough patch with 
uneven fissured surface on the right wrist. This 
was excised and showed closely packed black 
papillary proliferations of the skin moulded on 
thin strands of connective tissue. A similar lighter 
patch was present on the palmar surface of the 
right middle finger. Both palms showed numerous 
minute discrete translucent nodules in the skin. 
A small node was felt in the left axilla. The 
physical examination revealed no other abnor- 
mality except a number of large and small cafe 
au lait spots on the back, chest, abdomen and 
scalp. The face was free from any blemishes. 
x-ray examination showed marked decalcification 
of the bones subjacent to the ulcer but there was 
no destruction or evidence of involvement of 
bone structures. 

The lesion was treated with deep x-radiation. 
A total dose of 4000 r units was administered to 
him during the course of 10 days (85 kv. 1 Al, 
T. S. D. 15 cm. circular field 6 cm. diameter). The 
ulcer rapidly healed and the wrist movements im- 
proved under treatment. At a follow-up 2 months 
later it was noticed that he had residual disease 
and he was given a further total dose of 1500 r 
units over a period of 1 week (200 kv. 0.5 cu + Al, 
T. S. D. 50 cms. circular field 5 cms. in diameter). 
The lesion on the palm became cleaner, but some 
disease still persisted. One month later the patient 
appeared with a raised pigmented lesion on the 
scalp, 2 cm. in diameter which bled easily on touch- 
ing. This lesion and those on the right hand re- 
gressed completely with x-ray therapy, but the 
lesion on the palm persisted. It was therefore 
decided to amputate the limb at the middle of 
the forearm. 

The patient returned after six months with a 
small pigmented papillary lesion on the scrotum 
and again four months later with similar small 
lesions on the right thumb and the fingers of the 
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Fic. 13.—Case 14.: Photograph of the palms showing 
the malignant lesion on the left hand, the darkly pigmented 
patches on the right, and the minute translucent whitish 
nodules in the skin covering the palmar surface of the 
fingers on both hands. 

Fic. 14.—Case 14.: High power photomicrograph from 
one of the minute discrete nodules showing hyperkeratosis, 
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disorganisation of the normal arrangement and stratifica- 
tion of cells, and individual cell keratinisation. Hematoxy- 
lin and eosin stain. Mag. X 200. 

Fic. 15.—Case 14.: A higher power photomicrograph 
of a nodule similar to that shown in Fig. 14 presenting the 
clumping of nuclei, corps ronds and monstrous cells. He- 
matoxylin and eosin stain. Mag. X 375. 
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right hand. All these lesions rapidly regressed 
with contact x-ray treatment for 10 days giving a 
total dose of 4800 r units (50 kv. 1 Al and 4 
cm. T. S. D.) 

Microscopic examination.—The left hand and the 
excised lesion from the right hand (b) were avail- 
able for histological study. The growth on the 
left palm showed the characteristics of a squamous 
carcinoma grade III. The pigmented piece ex- 
cised from the right hand was made up of dermal 
papillae extended into long branched processes 
covered with altered stratified squamous epl- 
thelium. There was hyperkeratosis, a disorderly 
arrangement of the cells in the stratified malpigh- 
ian layer and large monstrous cells with two or 
three hyperchromatic nuclei. Some cells showed 
hydropic vacuolation of cells with small pyknotic 
nuclei. The basal layer of cells was regular, intact, 
sharply demarcated from the subjacent fibrovas- 
cular connective tissue. The small greyish nodules 
on the palm of the left hand showed the following 
interesting features. 

The surface was covered with several layers of 
fine lamellae of keratinized material. The epi- 
thelium indented the dermis unevenly due to 
elongation broadening and fusion of rete cones. 
The minute discrete nodules which were visible 
to the naked eye were composed of broad epi- 
thelial buds pushing into the dermis (Figs. 14 
and 15). The cells in the nodule showed a dis- 
organization of the normal arrangement and 
stratification of cells. There was a wide variation 
in the size of adjoining cells, with some monstrous 
cells, and others with several nuclei clumped to- 
gether, interspersed between normal polygonal 
cells. Some of the cells showed a characteristic 
intracellular vacuolation with a preservation of 
intercellular bridges. In the substance of the neo- 
plastic mass ‘“‘individual cell keratinisation”’ (13) 
and “corps ronds and grains” (7) were seen. 
These features suggested the change to be Bow- 
enoid in character. It seemed probable that 
arsenic might have been administered during the 
course of the varied treatments received by the 
patient. The skin from the amputated forearm 
and the hand was therefore analyzed. It gave the 
following interesting data: 


ARSENIC CONTENT OF THE TISSUES 


Arsenic (as Ase 03) mgm. per 
Tissue 100 gm. 


Healthy skin in Indians* 0.150 (0.125 minimum) 


(0.175 maximum) 
Normal-looking skin from the 


forearm of the patient 0.198 
Cancer tissue from the wrist} 0.924 
Skin containing hyperkeratotic 

nodules from the palmt 3.036 


*From data published by Bagchi and Ganguly (1). 
tTechnic employed by Maechling and Flinn (10). 


Case 15. #2936.—An elderly emaciated Hindu 
beggar woman, 60 years old, was admitted for a 
black warty growth on her abdomen. She stated 
that the growth had started as an intense black 
spot 7 years earlier and that she was sure that it 
was not there before that time. The spot had 
slowly increased in size and had became rough on 
the surface. Black warty excrescences had slowly 
grown out of it. She complained of much itching, 
and occasional bleeding after scratching. On ex- 
amination, a verrucous mass, roughly lozenge- 
shaped (17 X 12 cm.) was seen covering most of 
the left lower abdominal wall (Fig. 16). The edges 
were serpigenous and stood out clearly from the 
adjacent normal skin by their deeply pigmented 
color and elevated contour. The main mass was 
deep black except towards the middle where it was 
depigmented and atrophic in places. A second 
smaller pigmented patch composed of bunches of 
large and small papillae was discovered in the 
right loin. The patient did not remember when it 
had started. The larger growth emitted a faint 
fetid odor and the warty projections could be 
pealed off with little trouble and slight bleeding. 
Clinical examination and skiagraphic studies did 
not reveal any morbid condition in the gastro- 
intestinal tract. Both lesions were excised along 
with a narrow margin of normal skin beyond the 
pigmented border. Skin from the thigh was grafted 
on the raw excised surface of the bigger lesion. 
The patient made an uneventful recovery. She 
has not reported a recurrence of the lesion nor of 
any fresh outcrops of pigmented spots for the 
last four years. 

Microscopic examination.—(a) The flat heavily 
pigmented peripheral portion of the tumor mass 
showed a thickening of the epidermis with 
broadening, elongation and fusion of rete cones. 
There was hyperkeratosis and parakeratosis of the 
epithelial layers. In the thickened epidermis there 
was a loss of normal stratification of cell layers. 
Many cells in the malpighian layer were swollen, 
edematous and vacuolated. The nuclei of several 
cells were large, hyperchromatic and clumped in 
groups of three or four. There were numerous 
dyskeratotic cells with pyknotic nuclei and mark- 
edly acidophilic cytoplasm. These cells were 
always surrounded by a clear space. The basal 
layer of the stratum germinativum was heavily pig- 
mented. There were numerous diffusely pig- 
mented branching cells scattered between the epi- 
dermal cells. In the superficial layers of the dermis 
there were several melanophores stuffed with pig- 
ment, besides numerous clumps of free pigment 
scattered between connective tissue fibers. The 
transition between the normal and the affected 
skin was sharp and sudden. 
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Fic. 16.—Case 15.: Photograph showing the lozenge- 
shaped verrucous pigmented mass on the left lower ab- 
domen. 

Fic. 17.—-Case 15.: Low power photomicrograph show- 
ing cords and strands of proliferated epithelial cells with 
central areas of keratinisation infiltrating the subjacent 
tissue. Hematoxylin and eosin stain. Mag. X 80. 


(b) The intermediate zone showed several 
branched filamentous epidermal processes which 
were covered with several layers of closely applied 
keratinized lamellae. The epithelium was thicken- 
ed by an increase in the cell layers and a more 
pronounced Bowenoid alteration in the character 
of cells. The peripheral processes were deeply pig- 








Fic. 18.—Case 15.: A higher power photomicrograph 
showing the thickened walls of a sweat gland duct and the 
adjacent epithelium presenting the characters of an intra- 
epithelial carcinoma. Hematoxylin and eosin stain. Mag. 


x 200. 


mented whereas the more centrally placed filaments 
of epithelial cells were completely devoid of pig- 
ment. 

(c) The central portion of the lesion shows a 
relative thinning of the epidermis accompanied by 
an invasive proliferation of epithelial cells (Fig. 
17) into the subjacent dermis. The proliferating 
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cells were arranged as cords or strands in the 
dermis with the development of characteristic 
epithelial pearls. In some areas the cells of the 
stratum malpighi showed hyperplastic prickle cells 
without any of the Bowenoid changes described 
above. There was a well developed stroma re- 
action in the dermis mainly consisting of lympho- 
cytes, with few histiocytes and newly formed 
blood capillaries. The remarkable feature of this 
area was a complete lack of pigment in epithelial 
cells and an absence of the branching melano- 
blasts. There were no melanophores or free pig- 
ment clumps in the dermis. 

The ducts of the sweat glands (Fig. 18) and the 
hair follicles in all these sections were involved in 
the neoplastic process without being altered. The 
lining of some ducts in the central area however 
showed the characters of an intra-epithelial car- 
cinoma. The elastic tissue was pushed deeper in 
all these sections by the inflammatory exudate and 
the newly formed connective tissue stroma under- 
lying the altered epithelium. The dopa reagent 
evinced an intense positive reaction in the pro- 
liferated and migrating dendritic cells in the pe- 
ripheral pigmented regions of the tumor mass. 

The histological study of the tumor tissue sug- 
gests that it belongs to a type of Bowenoid der- 
matosis, beginning as a deeply pigmented patch 
which becomes depigmented in the central older 
area. The depigmented area is characterized by 
the development of a slowly invading carcinoma 
of the prickle-cell variety. 


COMMENT 


The last two cases show the development of a 
Bowenoid change in the epidermis antecedent to 
an invasive cell proliferation and the formation of 
a typical squamous-cell carcinoma. The interesting 
feature of these cases is the melanotic pigmenta- 
tion of the tumor tissue. Bloch (3) had suggested 
that in the basal cell tumor described by him the 
pigmentation was the essential feature and that 
the rest of the structure was secondary. Sub- 
sequent pigmentation in patches of Bowen’s dis- 
ease of the skin has often been described, but in 
both the patients referred to here, the lesions 
started as black patches and the growing pe- 
ripheral areas of the fully developed tumor were 
deeply pigmented as a result of the proliferation 
and activity of dendritic melanoblasts. This ac- 
tivity and proliferation did not keep pace with the 
neoplastic growth of epithelial cells. The older, 
central, fully developed portions of the tumor 
therefore remained unprovided with pigment- 
elaborating cells, and became colorless. 


GENERAL CONSIDERATIONS 


I. DEPOSITION OF PIGMENT IN TUMORS 
OF THE EPIDERMIS 


(a) Nature of the pigment.—The pigment gives 
the usual chemical reactions of melanin. It is in- 
soluble in all the ordinary solvents except strong 
solutions of alkalies, in which it dissolves with some 
difficulty. It could be slowly bleached by the 
action of strong sunlight. It does not give the 
Prussian blue reaction for iron, but is easily im- 
pregnated with silver solutions. 

(b) Distribution of the pigment in tumor tissue.— 
A naked-eye examination of unstained sections 
shows that the pigment is unevenly distributed in 
lobes of tumor tissue (Fig. 4). It is more densely 
deposited in the peripheral cords and is scantier 
in the central areas. It occurs as, (I) a fine dust 
of golden or dark brown particles in the cyto- 
plasm of cells in stratum germinativum and some 
tumor cells; (II) as diffuse homogenous brown 
coloring material in the cell body and dendrites of 
degenerating melanoblasts; (III) as coarse dark 
brown grains in the dermis or as clumps in the 
bodies of melanophores, and (IV) as large amorph- 
ous masses in cystic spaces in the center of tumor 
lobules. In the cells of the stratum germina- 
tivum it tends to be more closely aggregated in the 
zone immediately outside the nuclear membrane. 


(c) Pigment-forming cells (Melanoblasts).—The 
most interesting feature of these tumors is a 
proliferation of dendritic cells. The change in the 
epithelial cells, as one approaches the tumor mass, 
is accompanied by an alteration in appearance 
and an increase in number of the dendritic cells 
(Fig. 19). In this zone the melanoblasts become 
more numerous and send ‘out a rich brush of long 
thin processes between the epidermal cells, while 
still retaining their place in the basal layer of the 
stratum germinativum abutting against the 
dermis. These dendritic cells are not easily recog- 
nizable by the usual staining methods. They are, 
however, clearly depicted owing to the presence 
of a dopa-oxidase in their cell cytoplasm and the 
fine protoplasmic ramifications, and by their 
ability to reduce silver salts from solutions. As 
the expanding epithelial cones fuse and assume 
the shape of a growing bud the proliferated den- 
dritic cells form a rich protoplasmic network on 
its dermal surface (Figs. 20 and 21). The den- 
dritic cells move away from the periphery as the 
epithelial bud grows in mass. They however re- 
tain contact with the dermis by a thick process 
which usually ends in a globular or mushroomed 
terminal (Figs. 22 and 23). The dendritic cells 
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assume an elongated spindle shape on receding 
from. the basal layer. The dendrites become 
fewer, longer and more filiform as the cells migrate 
away from the periphery and are caught up in the 
mass of neoplastic epithelial cells. This migration 
of dendritic cells has been elegantly described by 
Masson (11) and by Caudiére (5). These cells 
appear to be unable to transfer the precursor of the 
pigment to the adjacent tumor cells, or alter- 
natively the tumor cells lose the capacity of ac- 
cepting and elaborating the pigment. The pig- 
ment, therefore, begins to accumulate in the cell 
body and branches of the dendritic cells. After 
their being bereft of their dermal associations, the 
dendrites thicken and coarsen. Gradually the 
cells become shrunken and are shorn of most of 
their branches (Fig. 24). A thick short stump 
may remain attached to the shrunken, degenerat- 
ing cells, before they are sloughed off into the 
amorphous debris. Similar degenerative changes 
in melanoblasts have been described by Schneider 
(20) in luetic infiltrations of the epidermis with 
Trep. pallidum and observed by us in a case of a 
fungus granuloma of the nipple in a 55 year old 
male. 

It is necessary, however, to determine whether 
the evident increase in the number of dendritic 
cells at the growing edges of these tumors is 
genuine or spurious. Rous (18) and Beard (2) 
have observed that Shope papilloma in rabbits is 
frequently grey, brown or black with melanin. 
They noticed (2) that pigmented tumors developed 
‘only where the hair was pigmented ... When the 
first epithelial thickening took place, melanoblasts 
similar to those nearby the unaffected epidermis 
proliferated in the basal part of the papillomatous 
epidermis and often became extraordinarily abun- 
dant, and black with pigment.”’ They were of the 
opinion that “pigmented growths arise because 
these cells (melanoblasts) become involved in the 
pathological process though not themselves af- 
fected by the virus.’” Masson (12) while discussing 
the appearances in macular pigmented nevi has 
expressed the following view. ‘‘At first it was at- 
tempted to show this excess of branching cells to be 
the result of their hyperplasia. I do not believe 
this to be true.’”’ He attributes the apparent in- 
crease in number of these cells “‘to an exaggeration 


DESCRIPTION OF 


lic. 19.—A composite picture of camera lucida drawings 
of seven fields, from a biopsy of tissue in case 13. It shows 
an increase in the number and the alteration in the morpho- 
logical characters of the melanoblasts in the peripheral 
zone of the tumor mass. Dopa reaction. 


of amboceptric differentiation, to the detriment of 
malpighian differentiation.”’ Caudiére has also ex- 
pressed the opinion that No part of them [pigmen- 
tary cells] shows signs of proliferation. The tumors 
that do present these characteristics are symbiotic, 
pigmentary cell epitheliomas.” (5). These views 
deserve most careful consideration, although it 
must be admitted that the appearances observed 
in the tumors described above are very suggestive 
of a true hyperplasia in the spreading zone of the 
tumor tissue. It is also difficult to accept the opin- 
lon of Caudiére that “They are not pigmentary tu- 
mors, they are pigmented tumors” (5), as in several 
cases the lesions start as a deeply pigmented patch, 
which may later grow discolored towards the cen- 
tral part of the lesion. The pigment-producing 
cells are actively associated with the growth of 
neoplastic tissue, although they fail to keep pace 
with the increase in number of other epithelial 
cells and are later completely choked by them. 
(1) Accumulation of pigment in tumor lissue. 
The dark color of these tumors is due not only to 
the presence of pigment particles in the melano- 
blasts and some tumor cells, but also to a lack of 
normal elimination of dead epithelial cells. To- 
wards the center of the tumor lobes the keratinized 
bodies of epithelial cells and the degenerated 
bodies of melanoblasts are cast off in the debris of 
necrotic material. The pigment, however, re- 
mains unaltered and is retained in cystic spaces 
and fissures or in the widened follicles involved in 
the neoplastic process. There appear also groups 
or circumscribed masses of bulky ovoid or fusiform 
cells in the superficial layers of the dermis heavily 
loaded with coarse granules of brown pigment 
(Fig. 25). They often lie in close proximity to the 
lobes and cords of tumor tissue and are evidently 
macrophages which have engorged themselves 
with pigment. The exact source of pigment in 
these cells is not very clear. These macrophage 
cells are never encountered in the body of the 
neoplastic cords. They are only seen in the con- 
nective tissue stroma separating the lobes. These 
appearances suggest that the macrophages take 
up formed pigment which is “‘spilled over’”’ in the 
dermis and which is not retained by tumor cells. 
These macrophages have, therefore, been correctly 
termed melanophores and are distinct in origin 


FIGURES 19 TO 21 


Fics. 20 and 21.—A rich protoplasmic network of the 
processes of dendritic cells on the surface of epithelial buds 
from case 13. Dopa reaction. Fig. 20, Mag. X 200; Fig. 21, 
Mag. X 375. 








706 


Cancer Research 





and evolution from the melanoblasts described 
above or the nevus cells encountered in benign 
or malignant melanomas 


II. REGRESSION OF NEOPLASTIC CHANGES 


The central area of the lesion in Case 8 showed 
a tendency towards healing and a replacement of 
the neoplastic cells by epithelium without evi- 
dent proliferative activity. Similarly in several 
centrally located areas in Case 15 there was a 
disappearance of the Bowenoid change and its 
replacement by a normal looking stratified squa- 
mous epithelium. Such retrogression of experi- 
mental tar cancer has been reported. Rous and 
Kidd (18) observed a raised ulcerated disc after 5 
months tarring in one of their rabbits. The 
growth took on an invasive character during the 
next 4 months. Later it began to grow smaller and 
disappeared completely in another 4 weeks. A 
similar carcinoma with metastases was described 
by Yamagiwa and Ichikawa, which retrogressed 
after 630 days of growth. The suggestion therefore 
that proliferating epithelial buds or Bowenoid 
changes should be interpreted as a carcinoma could 
not be accepted without reservations. These con- 
ditions should be looked upon as precancerous 
changes which have the potentiality of developing 
into a carcinoma with the introduction of other 
factors which are not so well understood at present. 


III. DEVELOPMENT OF CANCER IN THE 
ALTERED EPIDERMIS 


The invasive character of cell proliferation in 
the central portions of the lesions in Cases 11 and 
15 reemphasize the importance of a distinction 
between tumor inception and tumor formation. 
The latter condition ensues only when appropriate 
conditions exist in a area for an infiltrative growth 
of tumor tissue. This question has been fully dis- 
cussed previously (9) and need not be entered into 
again. The importance of a precocious stroma 
reaction some distance away from the proliferating 
epithelial buds has been stressed as an influential 
factor in the limitation of invasive characters in 
some of the skin cancers by Masson (12) (stroma 
reaction precoce) and it is likely that only when 


ei) 


this character fails in the altered dermis, a true 
carcinoma results. 


IV. SPREAD OF TUMORS 


The spread of these tumors presents certain 
interesting features. In basal cell carcinomas one 
is struck with multiple microscopic foci of epi- 
thelial proliferation, and the spread along the sur- 
face and in depth of the lesion is to a certain 
extent due to a fusion of these foci and to a growth 
in mass which results from continued cell division. 
In the case of the Bowenoid changes in the skin 
there are two possible methods of lateral spread: 
(I) an intra-epidermal migration of neoplastic 
cells as in Paget’s disease of the nipple [Muir (14)], 
or (II) a progressive Bowenoid transformation of 
normal epithelium in response to an inducing 
agent continuously being elaborated by active or 
degenerating neoplastic cells. The latter possi- 
bility appears more likely in view of the fact that 
the line of demarcation between the normal and 
altered skin is usually very sharp and also because 
of the arrest of disease after surgical extirpation of 
affected area of skin. A careful study of the epi- 
dermis at the border zone shows few swollen 
prickle cells just above the normal cells of the 
basal layer, but no frank neoplastic cells could be 
detected between normal cells of the malphigian 
layer as in Paget’s disease of the breast. The ma- 
terial at our disposal is inadequate for a solution 
of this problem, and its elucidation would probably 
follow the experimental studies now in progress 
under Cowdry at St. Louis (6). 


SUMMARY 


1. Fifteen cases of pigmented lesions of the skin 
which were not melanomas have been reported. 
Four cases of single pigmented epitheliomas of the 
skin and four others with multiple lesions have 
been described. 

2. The necessity of a histological diagnosis in 
all these cases has been emphasized and their 
relatively benign course has been stressed. 

3. The biological nature of these lesions and the 
role of melanoblasts in their evolution has been 
discussed. 








DESCRIPTION OF FIGURES 22 TO 25 


Fics. 22 and 23.—Case 13.: Photomicrographs showing 
the migration of melanoblasts and the thick processes 
abutting against the dermis. Dopa reaction. Fig. 22, Mag. 
xX 375; Fig. 23, Mag. X 80. 

Fic. 24.—Case 12.: Photomicrograph showing the de- 
generative changes in the migrated melanoblasts, with a 
shrinkage of cells and loss of dendrites. Silver impregna- 
tion. Mag. X 80. 


Fic. 25.—Case 13.: A higher power photomicrograph 
showing the three types of accumulation of pigment in the 
growing tumor buds, (1) in the debris of necrotic material 
at the center of tumor lobes (2) in the bodies and process 
of melanoblasts (3) in groups of melanophores in the dermis. 
Dopa reaction. Mag. X 150. 
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HORMONAL IMBALANCES AND TUMORS OF 
ENDOCRINE GLANDS. W. U. GARDNER. 
(Department of Anatomy, Yale University School 
of Medicine, New Haven, Conn.) 


Tumors of interstitial cells of the testes, pituitary 
elands, ovaries and adrenal glands have been induced 
experimentally in animals under conditions of hormonal 
imbalance produced by the addition of sex hormones, the 
removal of the sources of intrinsic sex hormones, or the 
production of excessive gonadotrophins. In most cases 
genetic factors are of importance in that the tumors are 
strain-limited. Testicular interstitial cell tumors appear in 
estrogen-treated mice of the A and JK strains and in their 
first generation hybrids. The pituitary is assumed to be 
involved in formation of these tumors. Chromophobe 
hyperplasias and adenomas occur in estrogen-treated 
mice of the C57 strain and in their hybrids but rarely in 
mice of other strains or hybrid groups. The simultaneous 
administration of androgen partially inhibits their ap- 
pearance. Whether hormonal mechanisms prevent their 
appearance in the mice of the resistant strains is not 
known. Ovarian tumors occur in intrasplenic transplants 
of ovaries. Under such conditions the ovaries are exposed 
to excessive intrinsic gonadotrophin, presumably follicle- 
stimulating hormone, although sex differences exist. The 
Ovarian tumors appearing in roentgen irradiated mice 
may be explained on a humoral imbalance basis. Adrenal 
cortical tumors also appear in mice (Woolley) subsequent 
to gonadectomy at birth or even when older (Gardner). 
These tumors as well as the testicular interstitial cell and 
ovarian tumors mentioned above produce physiologically 
active substances. These tumors will be discussed from 
some of their genetic and hormonal interrelationships. 


COMPARISON OF THE CARCINOGENIC ACTIV- 
ITY IN EXTRACTS OF HUMAN LIVER AND 
OTHER HUMAN AND ANIMAL ORGANS. 
PAUL E. STEINER, D. WARREN STANGER, 
and MIRIAM BOLYARD. (Department of Pa- 
thology, University of Chicago, Chicago, III.) 


Ethylene dichloride extracts after saponification were 
prepared from pooled human livers, kidneys, spleens, 
hearts and colons. The.extracts were made in duplicate 
from cancer-bearing and noncancer-bearing patients. 
Similar extracts were made from pooled livers of stillborn 
infants, swine livers, bovine livers, and swine hearts. 
The extracts were tested for carcinogenic activity by 
subcutaneous injection into 1,044 mice of C57 black, A, 
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or our albino strains. The percentage yield of sarcomas 
at the site of injection in C57 black mice surviving for 6 
months was: Noncancerous livers, 58.7; cancerous livers, 
14.8; cancerous spleens, 10.4; livers of stillborn infants, 
8.1; swine livers tested in strain A mice, 7.5. The other 
extracts were essentially noncarcinogenic. 


THE LOCALIZATION OF STEROIDS IN NORMAL 
AND CANCEROUS TISSUES BY THE USE OF 
RADIOACTIVE ISOTOPES AND HISTOCHEM- 
ICAL METHODS. S. ALBERT, J. COHEN, R. 
D. H. HEARD, and C. P. LeBLOND. (Depart- 
ments of Anatomy and Biochemistry, McGill Uni- 
versity, Montreal, Canada.) 

By using fuchsin-sulphurous-acid and 2,4-dinitro- 
phenylhydrazine, two reagents supposedly specific for 
ketosteroids, it can be shown that the histochemical re- 
actions thus obtained in tissues are not suppressed by the 
removal of ketosteroid-producing organs. In normal and 
cancerous animals the most intense reactions are found 
in the ovary, testis, adrenal and accessory sex organs, 
with little or no reaction in cancerous tissue. It is con- 
cluded that these reactions reveal the presence of a non- 
ketosteroid substance, probably an acetal phosphatide of 
the plasmalogen family, which may be linked with steroid 
metabolism. 

Using a-estradiol iodinated with radioactive iodine, it 
was possible to follow the distribution of this compound 
in the tissues of cancerous mice by means of the Geiger 
counter. It was found that after 10 hours the largest 
concentration of this compound occurred in the gastro- 
intestinal tract, feces and urine, while only minute 
amounts occurred in the genital organs, accessory sex 
organs and cancerous tissues. 


A PHYSIOLOGICAL MEASURE OF HOST-TUMOR 
RELATIONSHIP AS SHOWN BY A TRANS- 
PLANTABLE MOUSE RETICULOENDOTHE- 
LIOMA. ARTHUR M. CLOUDMAN. (Roscoe 
B. Jackson Memorial Laboratory, Bar Harbor, 
Maine) 

Measurable physiological changes have been produced 
by parabiotic operations in mice normally refractory to 
the transplantable reticuloendothelioma, C198. This 
leaden strain tumor always involves the liver of suscep- 
tible leaden mice that receive subcutaneous implants of 
tumor tissue. All other pure strains of mice are resistant 
to this tumor when the usual technics are employed in 
tumor tissue transfer. 
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The transfer of some substance or substances through 
the medium of body tissues and fluids not normally in- 
troduced frequently make refractory C57 black strain 
mice serve as a successful host for tumor C198. After 
the altered host has progressively grown the tumor for a 
certain time interval and the mass has become sizeable 
the tumor itself undergoes a physiological change. After 
this the tumor can be easily transferred to members of 
the C57 black strain. However, it will still grow in the 
leaden mice. Furthermore, whatever tumor change was 
induced by growth in a black mouse is weakened or lost 
by growth for one tissue transfer generation in a leaden 
mouse. 

The data presented reveal that (a) parabiosis alters 
refractory C57 black strain mice, making many of them 
susceptible to implants of tumor C198; (b) the altered 
host can change the implanted tumor; (c) this changed 
tumor can be successfully transferred to other C57 black 
mice; and (d) C57 black mice growing the altered C198 
tumor remain resistant to unaltered C198 taken directly 
from a leaden donor mouse. 


THE NEOPLASTIC TRANSFORMATION OF GRAN- 
ULOSA CELLS IN GRAFTS OF NORMAL 
OVARIES INTO SPLEENS OF GONADECTO- 
MIZED MICE. J. FURTH, and H. SOBEL. (De- 
partment of Pathology, Cornell University Medical 
College, New York, N. Y.) 

Growth of granulosa cells were produced in 29 (67 per 
cent) of 43 mice by grafting fragments of normal ovaries 
into the spleens of gonadectomized mice as described by 
Biskind and Biskind. After intrasplenic subpassages into 
gonadectomized mice, the splenic growth in one of these 
mice became transformed into a neoplasm readily trans- 
plantable into the subcutaneous tissue of normal mice 
and occasionally metastasizing to the lung (Strain B1). 
A second transplantable strain (B2) was derived from 
another mouse that had a splenic growth of granulosa 
cells with secondary nodules in the liver. This growth 
proved readily transplantable in the spleen, from which 
it frequently metastasized to the liver, but not in the 
subcutaneous tissue. The secondary changes in mice 
bearing these 2 transplantable tumors indicate the dis- 
charge of estrogens by the tumor cells. The blood volume 
of mice bearing subcutaneous tumors of these strains 
is elevated and their livers show cavernous congestion 
characteristic of hypervolemia. These experiments serve 
to illustrate how hyperplasia of normal cells can lead to 
neoplasia and enable an analysis of the factors bringing 
about this transformation. 


FURTHER STUDIES ON THE PATHOGENESIS 
OF THE OVARIAN TUMORS IN MICE. M. H. 
LI, and W. U. GARDNER. (Department of 
Anatomy, Yale University School of Medicine, New 
Haven, Conn.) 

Our previous experiments demonstrated that a pitul- 
tary-gonadal endocrine imbalance may be induced by 
the intrasplenic transplantation of ovaries in castrated 
male and female mice and that the imbalances may result 
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in the formation of granulosa cell tumors, luteomas, or 
mixed cell tumors. 

Most extensive studies have been made by using inbred 
mice of the A, C3H, and C57 strains, and several groups 
of hybrid mice (A X C3H and CBA X C57). Ovarian 
tumors have appeared in intrasplenic transplants in mice 
of the A, C3H and C57 strains and in hybrids; there js 
apparently no strain limitation in the development of 
ovarian tumors in intrasplenic autotransplants or homo- 
transplants of ovaries in castrated mice. Ovarian tumors 
have not been observed in the intrasplenic ovarian trans- 
plants in unilaterally gonadectomized male and female 
mice. The formation of tumors in the intrasplenic 
ovarian transplants was prevented by weekly administra- 
tion of small doses of a-estradiol benzoate or testosterone 
propionate. Similar treatment of progesterone, however, 
was not effective. Daily injection of a gonadotrophic 
hormone from pregnant mare serum for short periods 
exerts a stimulating effect on the growth of the trans- 
plants and on tumor formation. These observations are 
interpreted to substantiate further the assumption that 
overaction of gonadotrophic hormones is responsible for 
the genesis of the ovarian tumors in mice. 


CORRELATION OF A BIOLOGICAL TEST WITH 
CLINICAL DIAGNOSIS IN HUMAN MALIG- 
NANCY. HOWARD H. BEARD, SAMUEL L. 
LIBERT, and B. HALPERIN (by invitation). 
(Department of Physiological Chemistry, The 
Chicago Medical School, Chicago, III.) 


Forty known malignant urines were extracted with an 
equal volume of alcohol and ether for 2 days in the small 
Koch extractor. The process was then repeated for 
another 2 days. Solvents were combined and evaporated 
under reduced pressure and the water residue diluted so 
that 2 cc. represented 100 cc. of the original urine. This 
amount was injected intraperitoneally into immature 
white rats and the animals were sacrificed from 1 to 4 days 
later. Litter mates of the same sex and approximate 
body weight were used as controls without injection. 
The gonads, spleen and body weight were made soon 
after death by an overdose of nembutal. The body 
weight/gonad and body weight/spleen ratios were then 
calculated for all the animals. In 39 of the 40 known 
malignant urines these ratios decreased from 20 to 80 
per cent and this observation constituted the biological 
test of malignancy. Nonmalignant urines and those from 
normal individuals gave ratios that decreased from the 
control ratios by less than 15 per cent and were considered 
negative. The average degree of hypertrophy observed 
was as follows: spleen, 483 to 673 mgm. (39 per cent); 
male gonads, 1283 to 1991 mgm. (55 per cent), and female 
gonads, 219 to 365 mgm. (72 per cent). Histological 
studies showed an intense passive hyperemia of the spleen 
and intense spermatogenesis in the testes. The female 
gonads were not sectioned. These results are in agree- 
ment with those of Roffo, and Krebs and Gurchot. It is 
concluded that all malignant urines so far tested contain 
a cancer hormone (probably of sterol nature) which is the 
cause of the biological test described above. We believe 
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the: this hormone acts through the pituitary to produce 
‘creased amounts of a gonadotrophic hormone which is 
the immediate cause of the hypertrophy of the spleen and 
gonads. Weare not yet convinced that this is an Ascheim- 
Zondek test but further work may prove this to be so. 


THE EXCRETION IN THE URINE OF METAB- 
OLITES OF ADRENAL CORTICAL HOR- 
\IONES IN HEALTH AND DISEASE, INCLUD- 
‘NG NEOPLASTIC GROWTH. KONRAD 
DOBRINER, S. LIEBERMAN, and C. P. 
RHOADS. (Sloan-Kettering Institute for Cancer 
Research, New York, N. Y.) 


Two metabolites of adrenal cortical hormones, 
androstanediol-3a, 118-one-17 (Mason and Kepler: J. 
Biol. Chem., 161:235. 1945) and etiocholanol-3a-dione- 
11, 17 (Lieberman and Dobriner: J. Biol. Chem., 166:773. 
1946), have already been isolated from the urine of nor- 
mal and diseased persons. The purpose of the present 
communication is to report the isolation from urine of 
another steroid of adrenal cortical origin, A 9-11 etiochole- 
nol-3a-one-17, which is probably a dehydration product 
of etiocholandiol-3a, 118-one-17. 

Attention is called to the fact that this newly isolated 
compound has been found quite commonly, although not 
universally, in the urine of patients with disease states: 
cancer, lymphatic leukemia, hypertension and adrenal 
cortical disorders of the Cushing’s syndrome type, but 
has been found in the urine of only 2 of 23 normal sub- 
jects. It is suggested that this compound is a product of 
deranged metabolism of adrenal cortical hormones or a 
metabolite of an abnormal precursor. 


EFFECT OF DIET DEFICIENT IN CERTAIN 
AMINO ACIDS ON THE INDUCTION OF 
LEUKEMIA IN dba MICE. JULIUS WHITE, 
FLORENCE R. WHITE, and G. B. MIDER. 
(National Cancer Institute, Bethesda, Md., and 
Department of Surgery, University of Rochester 
School of Medicine and Dentistry, Rochester, N. Y.) 


A comparative study was made of the restriction of 
cystine, lysine and tryptophane, respectively, on methyl- 
cholanthrene-induced leukemia in strain dba mice. Each 
of the diets employed was so restricted in one of the 
foregoing amino acids that growth of young mice was 
prohibited, but indefinite maintenance was possible. The 
same diets, each supplemented by the amino acid in 
which it was deficient, permitted good growth. There 
was no significant decrease in the incidence of leukemia 
among the mice on diets restricted in either lysine or 
tryptophane. There was a reduction in the incidence of 
leukemia from 92.1 per cent for the control group to 55 
per cent in the group of mice whose diet was restricted in 
cystine. The data indicate that under the conditions of 
the experiment, cystine played a role in the development 
of leukemia not associated with its properties as an 
essential amino acid for growth but some other attribute 
not yet determined. 


INFLUENCE OF ESTROGENS AND ANDROGENS 
ON DEVELOPMENT OF DIETARY CIR- 
RHOSIS IN RATS. IRA T. NATHANSON and 
PAUL C. ZAMECNIK. (Medical Laboratories, 
Collis P. Huntington Memorial Hospital, Harvard 
University; and Tumor Clinic, Massachusetts Gen- 
eral Hospital, Boston, Mass.) 


Ninety-nine 6 week old female and forty-eight 8 month 
old male Sprague-Dawley rats were divided into groups 
as follows: (1) control diet, (2) control diet plus androgen, 
(3) control diet plus estrogen, (4) modified Gyorgy diet, 
(5) modified Gyorgy diet plus androgen and (6) modified 
Gyorgy diet plus estrogen. 2.5 mgm. of testosterone 
propionate and 0.2 mgm. of estradiol dipropionate were 
injected subcutaneously into the appropriate groups 
twice a week for 4 months. Animals from all groups were 
sacrificed at intervals, and the experiment terminated at 
8 months. There was marked fatty infiltration in groups 
4 and 5. Group 6 animals, however, showed little fatty 
infiltration, particularly in the male rats, indicating a 
striking lipotropic effect of estrogen. 

The series of the female rats on the experimental diet 
showed both gross and microscopic evidence of cirrhosis. 
Androgens appeared to aggravate the cirrhosis, while 
estrogens appeared to have an ameliorating effect. 


EFFECT OF VARYING THE PROTEIN (CASEIN) 
CONTENT OF THE DIET ON THE FORMA- 
TION OF TUMORS IN THE MOUSE. ALBERT 
TANNENBAUM and HERBERT  SILVER- 
STONE. (Department of Cancer Research, Michael 
Reese Hospital, Chicago, Ill.) 


Since it is generally believed that protein metabolism 
may play an important role in the formation of tumors, 
the effect of different levels of dietary protein (casein) 
was studied. “Synthetic” diets were utilized and protein 
levels of 9, 18, 27, 36 and 45 per cent were obtained by 
substituting casein for cornstarch. All other components 
of the diets were left unchanged. The modifying effect of 
the level of protein was evaluated with the carcinogen- 
induced skin tumor, the spontaneous mammary carci- 
noma, and the spontaneous hepatoma of the mouse. 

No significant effect on either the incidence of induced 
skin tumors or their average time of appearance was 
observed. With the spontaneous mammary carcinoma, 
no difference in incidence was found but the tumors may 
have appeared somewhat earlier, on the average, in the 
group being fed 18 per cent casein. In the three groups 
of C3H male mice receiving diets containing 9, 18, and 45 
per cent casein, the percentage of spontaneous hepatomas 
at 13 months were 11, 61, and 38 respectively, indicating 
that the “low” and ‘“‘high” protein diets led to fewer tu- 
mors than the diet with “‘moderate”’ protein. 

It may be concluded that varying the protein (casein) 
content of the diets, within the limits as indicated, prob- 
ably has little effect on the formation of many types of 
tumors, but may have a significant effect on certain 
special kinds. 
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DIFFERENCE IN ACTIVATION OF PROTEO- 
LYTIC ENZYMES IN NORMAL LIVER AND 
HEPATOMA, AS DETERMINED BY MEANS 
OF A NEW MONOMETRIC METHOD FOR 
FOLLOWING PEPTIDE CLEAVAGES. PAUL 
C. ZAMECNIK and MARY L. STEPHENSON. 
(Medical Laboratories, Collis P. Huntington Me- 
morial Hospital; and Tumor Clinic, Massachusetts 
General Hospital, Boston, Mass.) 


A manometric method has been devised, which facili- 
tates the study of reaction kinetics involved in the hy- 
drolysis of tyrosine-containing peptides by catheptic 
enzymes. This method depends on the inclusion in the 
reaction mixture of a bacterial decarboxylase, which 
liberates carbon dioxide from /-tyrosine as the latter is 
split from peptide linkage. Since the decarboxylase is 
present in excess, the rate of carbon dioxide production 
from tyrosine reflects the rate of the peptide cleavage. 
This method makes it possible to follow in detail the 
activation mechanism of the catheptic enzyme. 

Ultrafiltrates have been prepared from normal rat 
livers, and from primary hepatomas induced by butter 
yellow. The ultrafiltrates of normal livers and of the non- 
malignant portion of the hepatoma-containing livers 
activate a purified catheptic enzyme more than ultra- 
filtrates prepared from hepatoma nodules. 


THE INHIBITING ACTION OF AMORPHOUS AND 
CRYSTALLINE PENICILLIN AND STREP- 
TOMYCIN PREPARATIONS ON THE META- 
BOLISM OF TUMORS AND OTHER TISSUES. 
DEAN BURK, MARIE L. HESSELBACH, and 
CLARA E. FISCHER. (National Cancer Institute, 
Bethesda, Md.) 


Amorphous preparations of penicillin have been found 
to produce a marked inhibition of respiration of tumors 
and normal tissues (e.g., spontaneous breast adeno- 
carcinoma, transplanted Barrett C3HBA adenocarcinoma, 
Earle L sarcoma, kidney, spleen, and liver of mice). The 
inhibition is immediate (detectable manometrically 
within a few minutes) and progressive, attaining prac- 
tical completion (95 to 100 per cent) within one to several 
hours, depending upon the amorphous preparation and 
concentration employed (range, 0.1 to 10 mgm./cc.). 
Penicillin G several-times recrystallized (1,660 Oxford 
units/mgm.) was approximately one-tenth as inhibitory 
on a weight basis as several amorphous preparations 
assaying 1,000 to 1,500 Oxford penicillin units/mgm. 
Whether this small activity is due to the crystalline 
penicillin itself, or to possible traces of the “amorphous 
factor” still extant as impurity, remains to be determined. 
Crystalline streptomycin salt was still less inhibitory 
on a weight basis. 

Treatment of various amorphous preparations with 
B. subtilis penicillinase, to remove essentially all peni- 
cillin activity against microorganisms, reduced the res- 
piration inhibiting activity per mgm. by 25 to 75 per cent, 
depending upon the ratio of the amorphous factor to 
penicillin in the preparation. The amorphous factor can 
thus act on respiration independently of the presence of 
penicillin. Synergistic action (as occurs in the case of the 


TT 


enhancement factor of Welch, Randall, and Price) has 
not been definitely indicated. In any event, metabolic 
analysis offers a rapid and comparatively sensitive method 
of assay. Tumor glycolysis was nearly as subject to in- 
hibition by the amorphous factor as was respiration. 


EFFECTS OF AN ASCORBIC ACID DEFICIENCY 
ON TUMORS. WILLIAM v. B. ROBERTSON, 
A. J. DALTON, and WALTER HESTON. (Na- 
tional Cancer Institute, Bethesda, Md.) 

The effect of an ascorbic acid (vitamin C) deficiency 
on tumors was studied on transplants of a fibrosarcoma 
(N.C.I. — C — 2663) in an inbred family of guinea pigs. 
Animals were maintained on an adequate diet until the 
tumor transplants became palpable, and then were placed 
on the scorbutigenic diet. 

After the guinea pigs had been fed the vitamin C-free 
diet for 2 weeks, the tumors appeared to become attached 
to the skin and belly wall, whereas transplants in animals 
on an adequate diet were loose and easily movable. At 
necropsy, the scorbutic guinea pigs were found to have 
large amounts of hemorrhagic connective tissue connect- 
ing the tumor capsule with the deeper layers of epidermis 
and with the musculature of the body wall. 

Transplants of this fibrosarcoma show a core of central 
necrosis surrounded by a margin of healthy tumor tissue, 
but the tumors in scorbutic hosts showed not only much 
larger areas of central necrosis but also many areas of 
focal necrosis scattered throughout the periphery. 

The ascorbic acid concentration of the tumors in the 
scorbutic cavies was essentially zero; that of the non- 
neoplastic tissues, although considerably below normal, 
was still appreciable. 

The collagen concentration of tumors in the scorbutic 
animals averaged 3.7 per cent, as compared with the 
concentration of 8.9 per cent found in the tumors from 
normally fed controls. 

The rate of tumor growth as measured by external 
calipering was the same in the scorbutic and control 
groups for a fortnight, after which the tumors in scorbutic 
guinea pigs grew much more slowly. The average weight 
of tumors removed from 14 scorbutic and moribund 
animals was 7.6 gm., whereas tumors taken concurrently 
from 7 normal animals had an average weight of 29.6 
gm. This difference was found to be statistically signifi- 
cant (p <0.01). 


DESAMIDATION OF GLUTAMINE AND ASPARA- 
GINE IN NORMAL AND NEOPLASTIC HE- 
PATIC TISSUES. MAURICE ERRERA (by in- 
vitation) and JESSE P. GREENSTEIN. (National 
Cancer Institute, Bethesda, Md.) 

Fetal rat liver possesses little or no asparaginase activ- 
ity but does possess a high glutaminase activity. In 
adult rat liver, the relative activity of these enzymes 1s 
reversed, the glutaminase activity being extremely weak 
and the asparaginase activity very high. When the adult 
liver becomes neoplastic, the fetal pattern is noted in the 
hepatoma, i.e., a near-disappearance of asparaginase 
activity and concomitant rise in glutaminase activity. 
That a tumor may possess the metabolic characteristics 
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of the corresponding embryonic form is not surprising 
hy now. 

“The rate of desamidation of glutamine and asparagine 
in homogenates of all three kinds of hepatic tissues is 
ercatly increased by added pyruvate. The pyruvate is 
not consumed in the reaction, but plays the role of a 
cosubstrate. This effect of pyruvate is almost exclusively 
a property of the liver, and is not observed to any great 
extent in other normal tissues. The fact that it is noted 
in hepatomas but not in any other tumors of different 
histogenesis shows that in this respect the hepatoma 
bears the imprint of its tissue of origin, and suggests a 
chemical method of distinguishing hepatomas from other 
kinds of tumors. 


COBALT INHIBITION OF TUMOR RESPIRATION 
AND PROTECTION BY HISTIDINE. JOHN 
HEARON, ARTHUR L. SCHADE, HILTON 
LEVY, and DEAN BURK. (National Cancer In- 
stitute, Bethesda, Md., and Overly Biochemical Re- 
search Foundation, New York, N. Y.) 


Cobalt has been shown previously to inhibit tissue 
respiration at concentrations of approximately 5 to 50 
p.p.m. The inhibition is progressive with time, and tu- 
mor tissue is particularly sensitive. It has been found 
that the inhibition of tumor respiration may be prevented 
by additions of histidine at a molar ratio of histidine to 
cobaltous ion of 2 to 1 or greater. This protection is ex- 
plicable on the basis of the reversible formation of a 2:1 
histidine-cobalt complex, cobaltodihistidine, whereby the 
equilibrium constant, K = (cobaltodihistidine) (H+)?/- 
(histidine)? (Co++) = 7.5 X 10-7 at 38° C. The degree 
of protection afforded by a given concentration of his- 
tidine at any level of cobalt concentration may be cor- 
related with the degree of completion of the reaction, and 
the observed inhibition in the presence of histidine is in 
accord with the concentration of free cobaltous ion cal- 
culated from the equilibrium expression. It may be 
concluded that the cobaltodihistidine is nontoxic. The 
rather slight protection given by other alpha amino acids 
and histamine parallels the observed lower coordination 
affinities of the compounds for cobaltous ion, except in the 
case of cysteine which forms a 3 cysteine: 1 cobaltous com- 
plex of high affinity that is rapidly oxidized to the cobaltic 
state and affords considerable protection. The progressive 
inhibition of tumor respiration by cobalt can only be 
halted but not reversed by additions of histidine. Thus, 
it appears that the combination of cobalt with the tissue 
component concerned is essentially irreversible, even in 
the presence of histidine. Further studies on the mech- 
anism are in progress. 


PURIFICATION AND PROPERTIES OF _ DE- 
HYDROPEPTIDASES FROM NEOPLASTIC 
AND NORMAL TISSUES. JOSEPH SHACK. 
(National Cancer Institute, Bethesda, Md.) 


Previous investigators have postulated from tissue 
distribution studies the existence of a dehydropeptidase I 
splitting glycyldehydroalanine with a uniformly high 


activity in tumors and of a dehydropeptidase II splitting 
chloracetyldehydroalanine and absent in tumors. 

A purification and study of these enzymes from rat tis- 
sues has been carried out. By differential centrifugation at 
3,000 and 18,000 R.P.M., it was found that the bulk of 
dehydropeptidase I of kidney is firmly bound to particu- 
lates sedimentable only at high speeds. In contrast the 
dehydropeptidase I of liver and tumor and the dehydro- 
peptidase IT of liver and kidney remain in the supernant. 
A hundred-fold concentration of dehydropeptidase I free 
of dehydropeptidase II has been achieved by differential 
centrifugation, enzymatic digestion and salt fractionation 
of kidney extract. The soluble enzymes have been puri- 
fied by low temperature alcohol fractionation. The sep- 
aration of activities made in the fractionation procedures 
confirm the existence of 2 distinct enzymes. They have 
been compared with respect to pH dependence, kinetics 
and specific inhibition. Neither is inhibited by azide, 
iodide or fluoride. Both are inhibited by cyanide and 
thioglycolate, inhibitions reversible on dialysis. Iodo- 
acetate inhibits dehydropeptidase II (also reversed on 
dialysis) but has no effect on dehydropeptidase I. 

These results indicate that the absence of dehydro- 
peptidase II activity in hepatoma is due not to a change 
in specificity but to the disappearance of the enzyme as a 
result of malignancy. Comparative studies of purified 
dehydropeptidase I from liver and hepatoma have shown 
no differences in catalytic properties. 


PHOSPHORYLATED INTERMEDIATES IN TU- 
MOR GLYCOLYSIS. G. A. LePAGE. (McArdle 
Memorial Laboratory, University of Wisconsin, 
Madison, Wis.) 

The rate of glycolysis has been reported to be high in 
tumors. There has been considerable controversy as to 
whether this was a phosphorylative or non-phosphoryla- 
tive glycolysis. While data available can all be reasonably 
explained on the basis of a phosphorylative glycolysis and 
the enzymes necessary all appear to be present in tumors, 
the question of what type of glycolysis is operative had 
not been conclusively settled. 

In this investigation analyses were made, using methods 
established as adequate for other tissues, for the inter- 
mediates of the Meyerhof phosphorylative glycolysis 
system. Tissues were fixed in liquid air. Components 
analyzed for included inorganic phosphorus, the adenine 
nucleotides, phosphocreatine, glycogen, glucose-1-phos- 
phate, glucose-6-phosphate, fructose-6-phosphate, hex- 
osediphosphate, phosphoglyceric acid, phosphopyruvic 
acid and lactic acid. Analyses were confirmed in certain 
cases by isolation in high yield. Tumors so studied in- 
cluded several transplantable and certain primary rat 
and mouse tumors, and human carcinoma. 

Glycogen was found to be low except in the human 
tumor samples. Lactic acid was elevated several fold 
above that of differentiated tissues in all cases. The 
levels of other intermediates conformed with those found 
in differentiated tissues. Modification of the physio- 
logical state of certain tumors by production of anoxia or 
hyperglycemia gave changes which were interpretable 
on the basis of a phosphorylative system. 
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THE DPN-CYTOCHROME REDUCTASE CON- 
TENT OF CANCER TISSUE. M. RHIAN and 
VAN R. POTTER. (McArdle Memorial Labora- 
tory, University of Wisconsin, Madison, Wis.) 


The enzyme that has been referred to as DPN- 
cytochrome reductase catalyzes the reaction between 
diphosphopyridine nucleotide (DPN, coenzyme I, 
cozymase) and cytochrome c. When this enzyme is 
functioning, the substrate-hydrogen from the DPN- 
linked dehydrogenases is transported to oxygen via the 
cytochrome system. 

Using the malic dehydrogenase system as a source of 
reduced DPN it has been possible to devise an assay 
system for the determination of DPN-cytochrome re- 
ductase. Assays have been carried out on normal rat 
liver, heart, kidney and brain tissue; and Walker car- 
cinoma 256, Jensen sarcoma, Flexner-Jobling carcinoma 
and primary hepatomas, all from rats. It has been shown 
that the cancer tissues are extremely low in this enzyme 
as compared with the normal tissues studied thus far. 

The results can be interpreted in terms of the balance 
between the glycolytic and the oxidative enzymes, since 
a relative deficiency of this enzyme would diminish the 
rate of oxidation of reduced DPN by oxygen, leaving it to 
be oxidized by pyruvate, which in turn would be converted 
to lactate. Thus a deficiency in cytochrome reductase 
could result in the glycolytic type of metabolism that is 
found in tumors. 


SUCCINOXIDASE STUDIES OF THE LIVER 
CELLS OF MICE FED CARBON TETRA- 
CHLORIDE. KRETCHMER, N. (by invitation), 
TSUBOI, K. K. (by invitation), and BARNUM, 
C. P. (Department of Physiological Chemistry, 
University of Minnesota, Minneapolis, Minn.) 


Alterations in the succinoxidase system that took place 
during the period of carbon tetrachloride feeding were pre- 
sented from studies on cytoplasmic fractions of the mouse 
liver cell. 

Liver tumors were induced in C3H mice over a period 
of 200 days by feeding 0.1 cc. of 40 per cent carbon 
tetrachloride in olive oil every 4 days. Animals were 
sacrificed at intervals for the succinic oxidase assay. The 
assays were conducted on the cytoplasmic particulates 
obtained by methods of differential centrifugation. 

During carbon tetrachloride poisoning of the mouse 
liver, there is initially a decrease in the cytoplasmic suc- 
cinoxidase activity of the liver cell; as the induction 
proceeds, the enzyme activity reaches normal values and 
exceeds the normal in the 60, 75, and 90 day periods. 
After 90 days the enzyme activity follows a downward 
trend such that at 200 days and at tumor, the enzyme 
activity is somewhat below the normal. 


THE INTERFACIAL DENATURATION OF PRO- 
TEINS IN THE PRESENCE OF AROMATIC 
DIAMIDINES AND NUCLEIC ACIDS. M. J. 
KOPAC. (Department of Biology, Washington 
Square College of Arts and Sciences, New York 
University, New York, N. Y.) 


These experiments augment the work reported at the 
A. A. A. §.-Gibson Island Conference of 1946 (Cancer Re- 
search 7:44-46. 1947). The effects of stilbamidine, 
propamidine, and bis-amidinomethyldibenzyl on the de- 
naturation of bovine plasma albumin and of crystalline 
ribonuclease (Kunitz) at oil-water interfaces were 
measured. 

The interfacial denaturation of albumin (2 mgm. /ml.) 
was enhanced by stilbamidine (0.001M), less so by 
propamidine (0.001M), and completely inhibited by 
bis-amidinomethyldibenzyl (0.001M). With an albumin 
concentration of 5mgm./ml., or higher, only stilbamidine 
enhanced surface denaturation, whereas others de- 
pressed it. 

On adding Na zymonucleate (1 mgm./ml.) to the 
albumin-diamidine preparations, the diamidines were 
nearly completely antagonized. The combination of 
stilbamidine + propamidine, each at 0.001M, produced 
a typical stilbamidine effect. On adding Na zymonucleate 
(1 mgm./ml.) to this preparation, the action of stilbami- 
dine was abolished and a typical propamidine effect was 
elicited, indicating that stilbamidine was preferentially 
bound by the nucleic acid. Stilbamidine was _ partly 
neutralized by yeast adenylic acid (1 mgm./ml.). 

The interfacial denaturation of crystalline ribonuclease 
(1 mgm./ml.) was strikingly enhanced by stilbamidine 
(0.001M) and by propamidine (0.001M) and completely 
prevented by bis-amidinomethyldibenzyl (0.001M). All 
diamidine effects were abolished on addition of Na 
zymonucleate (1 mgm./ml.). Sodium thymonucleate 
(1 mgm./ml.) was less active than Na zymonucleate 
in abolishing the stilbamidine effect. Stilbamidine was 
not neutralized, however, if the Na zymonucleate was 
previously incubated with ribonuclease for 2 to 4 hours. 
Following incubation of Na thymonucleate with ribonu- 
clease, stilbamidine was considerably neutralized. 

These data indicate that certain diamidines enhance 
interfacial denaturation because they weaken side-chain 
linkages in protein molecules. No appreciable increase in 
interfacial denaturation was observed if these diamidines 
were removed before exposing the proteins to interfacial 
forces. The increased denaturation, therefore, results 
from the simultaneous action of surface forces with the 
diamidines. 

Stilbamidine in the presence of other diamidines was 
preferentially bound by nucleic acids. These data may 
explain why stilbamidine produced the drastic action on 
the nucleoproteins tested to date. This compound, a 
denaturating adjuvent, is readily bound by nucleic acids. 


LARGE SCALE PREPARATION OF THE TUMOR- 
NECROTIZING POLYSACCHARIDE FROM 5S. 


MARCESCENS. ADRIAN PERRAULT and 
M. J. SHEAR. (National Cancer Institute, 


Bethesda, Md.) 


The cultivation of strain 724 of S. marcescens in a 
synthetic medium is being carried out in lots of up to 350 
l. each. The organisms are separated, and the active 
agent in the filtrates concentrated to 1/200 of the original 
volume. 
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\{ter further concentration and purification, bioassays 
for potency are carried out in mice bearing sarcoma 37. 
The potency of the final product is similar to that ob- 
tained in the small-scale preparations of the active 
polysaccharide previously obtained with culture filtrates 
from the “G. W.” strain. 

Active fractions have been obtained from the organisms 
themselves, and these fractions are being subjected to 
further purification. Yields are now measured in grams. 


TUMOR NECROTIZING BACTERIAL POLYSAC- 
CHARIDE TAGGED WITH RADIOACTIVE 
[ODINE. ARNOLD M. SELIGMAN, JOSEPH 
LEITER, BENJAMIN SWEET, and M. J. SHEAR. 
(Surgical Research Department, Beth Israel Hos- 
pital, and Department of Surgery, Harvard Medical 
School, Boston, Mass., and the National Cancer 
Institute, Bethesda, Md.) 


The polysaccharide from Serratia marcescens, which 
produces necrosis in tumors, was tagged with radioactive 
iodine (I'8!), Unattached iodine was removed by di- 
alysis. 

Free iodine.—lodination of 2.5 mgm. of polysaccharide 
with 0.25 mgm. of iodine resulted in the incorporation of 
3 per cent of the iodine or 180 atoms of iodine per mole- 
cule of polysaccharide (approximate molecular weight 
8,000,000). Ethylene linkages presumably were involved 
in the reaction. Some loss in tumor necrotizing potency 
was observed in mice bearing sarcoma 37. 

Sodium hypoiodite.—Ilodination of 2.5 mgm. of polysac- 
charide (P;R) with iodine in the presence of sodium 
carbonate (10 mgm.) resulted in incorporation of the 
iodine. When 1.25 mgm., 0.25 mgm., and 0.05 mgm. of 
iodine were used, 0.7 per cent, 3.5 per cent, and 14.4 per 
cent of the iodine respectively were attached; the number 
of atoms of iodine per molecule of polysaccharide attached 
was 226, 223, and 183 respectively. The polysaccharide 
molecule, therefore, was readily saturated within a wide 
range of iodine concentration. Hydrogen, alpha to a 
carbonyl group, presumably was replaced in this reaction. 
No loss in tumor-necrotizing properties was observed in 
mice with sarcoma 37. 

Mandler candle (1 in. long) filtration of a solution of 
tagged polysaccharide (25ugm. per ml.) resulted in a 20 
per cent loss of radioactivity. 

Blood disappearance curves in mice, rabbits and man 
showed 40 per cent loss of radioactivity in 10 minutes and 
75 per cent loss in 30 to 60 minutes. 

The ratios of the radioactivity of tissues to that of 
circulating blood, when normal mice were sacrificed 1 
hour after the injection of 25ugm. of iodo-polysaccharide 
were, liver 1.3; lung 0.44; kidney 0.30; and thyroid 0.30. 
The ratios of the radioactivity of liver and tumor to that 
of circulating blood, when mice bearing sarcoma 37 were 
sacrificed after injection of 12.5 yugm. of iodo-polysac- 
charide, were as follows: 


Liver Tumor 
At 1 hour 2.8 0.23 
At 14 hours 1.4 0.22 
At 24 hours 4.9 0.43 


SOME EFFECTS OF IODINATED BACTERIAL 
POLYSACCHARIDE ON PATIENTS WITH 
MALIGNANT TUMORS. THEODORE SACK, 
and ARNOLD M. SELIGMAN. (Surgical Research 
Department, Beth Israel Hospital, and Department 
of Surgery, Harvard Medical School, Boston, Mass.) 


lodinated tumor-necrotizing polysaccharide from S. 
marcescens Was administered intravenously to 7 patients 
with metastatic carcinoma. Individual doses varied be- 
tween 2 and 3,000 ugm., repeated doses were given at no 
less than 24 hour intervals, and the maximum total dose 
to a single patient was 3,405 uwegm. With some individual 
variations the post-injection reactions followed a common 
pattern, namely, a chill, with a subsequent temperature 
rise sustained for 1 or more hours, then a gradual fall to 
normal 12 to 30 hours after injection. 

The blood pressure uniformly rose during the chill 
phase, began to fall when the temperature was maximum, 
and reached minimum levels between 8 and 15 hours 
after injection. Vigorous anti-shock therapy was neces- 
sary in 4 instances. Pulse and respiratory rates roughly 
followed the temperature curve. 

The symptoms were those of a severe pyrogenic re- 
action with some gastrointestinal hyperactivity. Two 
patients suffered asthmatic dyspnoea; another developed 
mild congestive heart failure after the fourth injection. 
Albuminuria and leukocytosis were noted in all instances. 
Oliguria occurred only during periods of hypotension; 
persistent renal shutdown did not occur. Considerable 
tolerance to the toxic action of the material was de- 
veloped in all patients. 

Reactions following injection of iodinated polysac- 
charide did not differ appreciably from those following 
administration of the untreated material. The persistent 
post-injection exhaustion noted in many patients was 
greatly reduced in 2 patients by the administration of 
adrenal cortical extract both before and during the in- 
jection of iodinated polysaccharide. 


THE EFFECT OF SIMULTANEOUS ADMINISTRA- 
TION OF BACTERIAL POLYSACCHARIDE 
AND ADRENAL CORTEX EXTRACT ON 
CELLS OF MOUSE TUMORS AND ON THE 
ADRENAL GLANDS OF THE HOST. IRENE 
COREY DILLER. (Institute for Cancer Research, 
Lankenau Hospital, Philadelphia, Pa.) 


In an attempt to alleviate some of the toxic effects of 
the tumor-necrotizing polysaccharide of Shear, Upjohn 
adrenal cortical extract and polysaccharide were ad- 
ministered simultaneously to mice (Beck and Diller, up- 
published data). This did not inhibit the action of the 
polysaccharide on tumor tissue (sarcoma 37). The proc- 
ess of tumor cell degeneration, however, differed from 
that obtained following polysaccharide alone, and the 
responses occurred more slowly, reaching a maximum at 
about 24 hours instead of at 6. Marked fragmentation of 
tumor cells was apparent and unfragmented nuclei were 
condensed and crenulated. Acetic orcein stains these 
tumors very hazily and the cytoplasm is grayish and 
opaque, which suggests some chemical as well as structural 
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change. Cellular changes occur also in adrenal glands of 
the host, particularly in the medulla, when polysaccharide 
only (0.01 mgm.) or Upjohn extract only (0.5 cc. in 5 
single doses) are injected intraperitoneally. Damage to 
the adrenal cell appears to be largely overcome when the 
2 are given simultaneously. 


COMPARATIVE STUDIES OF THE IMMUNO- 
LOGICAL, TOXIC, AND TUMOR-NECROTIZ- 
ING PROPERTIES OF S. MARCESCENS 
POLYSACCHARIDES. HUGH J. CREECH, 
MARY ALICE HAMILTON, IRENE COREY 
DILLER, EDWIN T. NISHIMURA, and M. J. 
SHEAR. (Lankenau Hospital Research Institute 
and the Institute for Cancer Research, Philadelphia, 
Pa., and the National Cancer Institute, Bethesda, 
Md.) 


Effective clinical utilization of the tumor-necrotizing 
property of S. marcescens polysaccharide has been 
hindered by the concomitant toxic and immunological 
properties. Although these 3 properties appeared to run 
parallel in the earlier preparations of this polysaccharide, 
fractionation of one preparation yielded products in 
which the toxic and antigenic properties were decreased 
considerably, whereas the tumor-necrotizing property 
was not altered significantly. 

Studies have been made of the effects of passive im- 
munization of mice against the toxic action of the polysac- 
charide from the “G.W.” strain using the y-globulin 
fraction of rabbit antisera. These antibody-containing 
fractions upon injection into normal mice a few hours 
before the administration of a lethal dose of polysac- 
charide protected a high percentage of the animals. In- 
jection of the y-globulin fractions into mice bearing sar- 
coma 37 prior to the injection of relatively large tumor- 
necrotizing doses of polysaccharide afforded definite pro- 
tection against the lethal action but did not seem to 
interfere significantly with the tumor-necrotizing action 
of the polysaccharide. 

Two recent preparations of polysaccharide from a dif- 
ferent strain ( #724) of S. marcescens have been found to 
be less antigenic and less toxic that the preparations from 
the “G.W.” strain; in addition, they are not related 
antigenically to the latter. The influence of the y-globulin 
fraction of antisera toward these preparations on the 
toxic and tumor-necrotizing actions of the polysaccharide 
is being investigated. 


EFFECT ON SARCOMA 37 IN TISSUE CULTURE 
OF TWO TUMOR-NECROTIZING AGENTS. 
JANE R. McCONNELL, SUZANNE F. HALLETT 
and M.J. SHEAR. (Institute for Cancer Research, 
Philadelphia, Pa., and the National Cancer Institute, 
Bethesda, Md.) 


The action in tissue culture of a preparation of the 
polysaccharide from S, marcescens and of emetine hydro- 
chloride was studied. Each of these agents, when in- 
jected into mice bearing sarcoma 37, produces necrosis 
in the tumor. 

Hanging drop cultures of sarcoma 37, grown for 18 
hours, were treated directly with emetine hydrochloride 


“a. 


(concentrations of 10 mgm./cc. to 0.00001 mgm./cc). The 
cells became rounded; blebs formed and were pinched off; 
nuclei shriveled and became pycnotic. The speed of 
action and the degree of destruction of the cells in culture 
were proportional to the concentration of the emetine 
hydrochloride. Control experiments showed that the 
damage was not attributable to the hydrochloric acid. 
The damage seemed to be correlated with the apparent 
surface reducing effect of emetine on the nucleus and 
cytoplasm. 

When hanging drop cultures of sarcoma 37 were 
similarly treated with the polysaccharide (concentrations 
of 10 mgm./cc. to 0.001 mgm./cc.), however, no necrotiz- 
ing effects were observed, even though these concentra- 
tions regularly produced hemorrhage and necrosis in vivo. 

The tissue culture method is of value in studies on the 
mechanism of action of such chemical agents. However, 
it is clear that, while it may give evidence of a direct 
effect of some substances on normal and malignant cells 
in cultures, it may not be entirely dependable if employed 
as a screening procedure in a chemotherapy program in 
lieu of 77 vivo screening. 


CHEMOTHERAPY OF CANCER. CLASSES OF 
COMPOUNDS UNDER INVESTIGATION AND 
ACTIVE COMPONENTS OF PODOPHYLLIN. 
JONATHAN L. HARTWELL (by invitation), and 
M. J. SHEAR. (National Cancer Institute, Be- 
thesda, Md.) 


More than 1,200 organic compounds have been as- 
sembled for screening in tumor-bearing animals. Among 
the classes of compounds that have been obtained are: 
alkaloids; isoquinolines; derivatives of phenylethylamine, 
phenylpropylamine and _ phenylisopropylamine;_ carb- 
amates; azo compounds; derivatives of phenanthrene, 
acenaphthene, and fluorene; diphenylethanes; stilbenes; 
a, #-unsaturated ketones and quinones; acridines; 
quaternary ammonium salts; sulfonamides; mercurials; 
arsenicals; and substances known to affect intermediary 
metabolic processes. 

About 500 of these compounds have been put through 
a preliminary first screening in mice bearing sarcoma 37. 
With a few compounds, more extensive biological work 
has been done. The exploratory screening indicated that 
some classes of compounds contain a higher percentage 
than others of members capable of inducing damage in 
tumor tissue under the conditions of these experiments. 
For example, of 20 isoquinolines screened, only 1 gave 
microscopic evidence of obvious damage as compared 
with: 10 of 38 acridines; 23 of 211 quaternary ammonium 
salts; 6 of 34 arsenicals; 8 of 53 alkaloids; 4 of 53 a,- 
B-diphenylethylamines; 1 of 11 sulfonamides; 2 of 10 
stilbenes; and 1 of 10 phenanthrene derivatives. 

Podophyllin produced severe gross damage in the tu- 
mors. Fractionation yielded 2 white crystalline com- 
pounds, podophyllotoxin and a new substance designated 
provisionally as NCI-1074. Each of these 2 compounds 
possessed tumor-damaging properties in a single dose 
down to 3 ugm. per gm. body weight. Quercetin, another 
crystalline podophyllin component, yielded negative re- 
sults at ten times this dose. The possible presence olf 
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other active constituents is under investigation. Picro- 
podophyllin, prepared from podophyllotoxin, gave nega- 
tive results in doses up to 12 ugm. per gm. body weight. 

N CI-1074 is isomeric with podophyllotoxin and picro- 
podophyllin, has a melting point close to that of picro- 
podophyllin, but is identical with neither. 


HISTOLOGIC CRITERIA FOR EVALUATING THE 
CAPACITY OF CHEMICAL AGENTS TO PRO- 
DUCE DAMAGE RAPIDLY IN SARCOMA 37. 
ROSS C. MacCARDLE and VIRGINIA DOWN- 
ING. (National Cancer Institute, Bethesda, Md.) 


The necrosis-producing capacity of chemical agents 
injected in single doses subcutaneously into mice bearing 
intramuscularly implanted sarcoma 37 was ascertained 
histologically by observing the extent and speed of 
changes in cells of tumor and intestinal epithelium fixed 
in Zenker’s formol-bichromate fluid at 8, 20 and 48 hours 
after administration. No regression experiments were 
attempted in this preliminary screening of many com- 
pounds. Control tumors showed resting and dividing 
cells with varying amounts of spontaneous degeneration. 
One feature of old necrosis is the presence of extracellular 
bluish debris. 

Tumors treated with some compounds showed exten- 
sive degeneration and necrosis in which moribund proces- 
ses seemed to be in approximately the same stage, sug- 
gesting simultaneous induced injury. Compound 368, 
N-acetyliodocolchinol methyl ether, attacked tumors ap- 
parently directly, arresting mitoses in metaphase 
followed by necrosis. Compound 707, a quaternary 
ammonium salt, attacked tumor cells evidently directly 
and indirectly after vascular damage. Compound 497, 
a-phenyl-6-(3,5-diiodo-4-hydroxyphenyl)-proprionic acid, 
induced necrosis in some tumors. Tumors, in treated 
mice, showing necrosis sharply demarcated from healthy 
tumor tissue were considered unaffected, since control 
tumors occasionally presented this appearance tentative- 
ly attributed to localized spontaneous vascular blockage. 
A gent 85V, podophyllin, induced cell damage throughout 
the tumor apparently directly and indirectly with 
marked stasis and blood vessel damage. Intestinal and 
some tumor cells were arrested in various stages of 
mitosis. Mouse epidermis painted with podophyllin 
showed many large clear cells and polymorphic nuclei in 
atypical mitosis; while the intestine of the same animal 
showed arrested mitoses. Rous sarcoma in chickens 
treated with podophyllin showed induced necrosis; and 
cerebellar Purkinje cells were also damaged. Cell death 
is being studied by silver, orcein, Masson, microincinera- 
tion and phase-contrast methods in these and other tumors. 


THE EFFECT OF PODOPHYLLIN ON TUMOR 
CELLS IN VITRO. RICHARD A. ORMSBEE 
and [VOR CORNMAN. (Sloan-Kettering Institute 
for Cancer Research, New York, N. Y.) 


A sterile suspension of crude podophyllin, when in- 
corporated into the nutrient medium in roller tube tissue 
culture preparations, exerts a toxic and repressive effect 
against tumor cells from the in-strain transplantable 


mouse tumors, sarcoma L946 A II and lung tumor MA 
387. The effect on normal mouse embryonic skin growing 
in the same tube is negligible at concentrations which 
cause extensive tumor cell damage. This differential 
toxic effect is more marked than that obtained with any 
of the other known mitotic poisons which have been 
tested so far. This material is now being tested im vivo 
for repressive effect against a variety of tumors. 


TRY PANOSOMA CRUZI IN THE TREATMENT OF 
MOUSE TUMORS. THEODORE S. HAUSCHKA. 


(Institute for Cancer Research, Lankenau Hospital, 
Philadelphia, Pa.) 


The work of Roskin and his collaborators on destruc- 
tion of tumors in animals by Trypanosoma cruzi ‘“‘endo- 
toxins” has recently been extended to the clinical ap- 
plication of Klyueva’s “‘cancerolytic” T. cruzt lysates and 
has given impetus to related studies. Our experiments 
were started in March 1945 under a joint institutional 
program participated in by the Chemotherapy Section of 
the National Cancer Institute and the Laboratory of 
Zoology (National Institute of Health) and the Lankenau 
Hospital Research Institute. 

Infections of Trypanosoma cruzi (‘‘B’’-strain) signifi- 
cantly retarded the growth of three transplantable tu- 
mors: squamous epithelial carcinoma 119, mammary 
adenocarcinoma, and sarcoma 37. Spontaneous breast 
adenocarcinoma in C3H mice was slightly retarded in 
growth. 

The inhibitory effect was often accompanied by loss in 
body weight and parasitemia of vital organs. Of the 4 
tumor varieties studied, only carcinoma 119 was found 
to be parasitized. Cancer cells proper were rarely invaded 
by T. cruzi, but parasites were relatively abundant in the 
stroma and in the encapsulating connective tissue. Re- 
tardation of tumor development did not result in longer 
survival. 

Growth of carcinoma 119 was retarded or completely 
inhibited by infection with (1) the lethal ‘‘R-strain of 
T. cruzi (obtained from the same source as Roskin’s 
strain); (2) a mixture of 5 avirulent strains (‘‘A’’-, ““M’’-, 
“Pp”. “T” and “C’’-strain); (3) the entirely avirulent 
“C”’-strain. Tumor-inhibition by “C”-strain was not 
accompanied by loss in body weight or other symptoms 
of Chagas’ disease, and infected tumor-bearing mice 
lived longer than tumor controls. 

Growth of spontaneous mammary adenocarcinoma 
(C3H mice) was inhibited by infection with “R’’-strain 
T. cruzi. This otherwise lethal infection can be cured by 
treatment with the quinoline derivative, Bayer 7602. 

Heat-killed cultures (50° C.) and lysates of T. cruzi 
(“B”’-strain) were without effect against carcinoma 119 
or mammary tumors. A lysate prepared from “R’’-strain 
of T. cruzi in the plasma of infected mice contained a 
tumor-necrotizing “‘endotoxin” but also produced de- 
generative symptoms in liver, spleen and kidney. Test 
mice treated with this lysate died earlier than the controls. 


THE EFFECT OF INHIBITORS OF INTER- 
MEDIARY METABOLISM ON ADVANCED 
HUMAN NEOPLASIA. MAUPICE M. BLACK 
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and ISRAEL S. KLEINER. (New York Medical 
College, New York, N. Y., and Brooklyn Cancer 
Institute, Brooklyn, N. Y.) 

Malignant tissues have long been known to exhibit 
greater aerobic and anaerobic glycolytic activity than 
homologous normal tissues. Attempts to inhibit the 
growth of such tissues by the use of inhibitors of glycolysis 
by other investigators have yielded indecisive results. In 
view of the importance of the active phosphate bonds in 
energy-yielding reactions, we have attempted selective 
inhibition of such reactions in relation to these bonds. 

The inhibitors used were sodium fluoride, iodoacetic 
acid, malonic acid and sodium azide. In the doses used, 
these substances, both singly and in combination, re- 
sulted in encouraging therapeutic effects without evidence 
of appreciable toxicity. The 31 cases studied, all far 
advanced, included acute leukemia and a diversified 
group of malignant tumors. Hematological and clinical 
remissions, for a period of 3 months, were observed in a 
significant number of leukemias studied. The beneficial 
results in patients with various types of malignant tu- 
mors included shrinkage of tumor mass, relief of pain, 
increase in weight and well-being, and degenerative 
changes in material obtained in repeated biopsies in 1 
case of lymphosarcoma. 

In this work, adaptation to such agents seems to be the 
limiting factor in continued therapeutic effect. Thus, 
after refractoriness to sodium fluoride and iodoacetic acid 
had developed, a therapeutic effect was obtained by the 
addition of malonic acid. Reversal of the refractory state 
with renewed sensitivity to the glycolytic inhibitors was 
also accomplished by the use of sodium azide. 

The findings reported would appear to be consistent 
with the hypothesis of the importance of the active 
phosphate bond and of the possible role of accessory 
pathways in this phenomenon. This and other hypoth- 
eses are under investigation. 


CHANGES IN THE REDUCING POWER OF 
PLASMA IN PATIENTS WITH MALIGNANT 
NEOPLASIA AND THERAPEUTIC IMPLICA- 
TIONS. MAURICE M. BLACK. (New York 
Medical College, New York, N. Y., and Brooklyn 
Cancer Institute, Brooklyn, N. Y.) 

Determination of the reducing power of plasma (or 
serum) was made by the use of the redox dyes, brilliant 
cresyl blue and methylene blue. It was found that 
plasma of patients with malignant diseases tended to 
have a lowered reducing power and could usually be 
distinguished from normal plasma and from plasma of 
patients suffering from conditions other than malig- 
nancy. The decreased reducing power obtained with 
plasma from cancer patients tended to be grouped at 
different levels with individual sites of tumor origin. So 
far, in advanced pregnancy and in advanced hepatic 
cirrhosis, similar decreased reducing power has been 
observed. Adequate therapy (x-ray or surgery) increased 
the reducing power. Thus, this effect of therapy could be 
followed objectively. 

The correlations between the results of this procedure 
and the diagnoses are illustrated by the following ratios. 
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The numerator represents the number of cases showing 
good correlation between the clinical pathological diag- 
noses and the alteration in reducing power; the denomina- 
tor gives the total number of cases involved. Controls 
(normals) 50/50; nonmalignant diseases 111/120; active 
malignant disease 158/184. 

These observations suggested the concept that some of 
the symptomatology associated with malignancy might 
be due to the altered enzyme activity as a result of 
diminished -SH potential. Accordingly, glutathione or 
cysteine was administered intravenously. This was 
followed rapidly by relief of pain and general sympto- 
matic improvement. No effect was noted, however, on 
the growth rate of the tumor itself. 


IN VIVO STAINING OF MALIGNANT TISSUE IN 
MICE. MARGARET REED LEWIS and PHILIP 
P. GOLAND. (The Wistar Institute of Anatomy 
and Biology; Department of Neurosurgery, Hospital 
of the University of Pennsylvania; and the Harrison 
Department of Surgical Research, School of Medi- 
cine, University of Pennsylvania, Philadelphia, Pa.) 

Certain dyestuffs, namely, 3 oxazine, one thiazine, 4 
xanthene, one acridine and 1 anthraquinone dye added to 
the diet of tumor-bearing mice stained the tumors 
selectively. The i vivo staining was accompanied by 
retardation of their growth. 

Twenty-five dyestuffs were pulverized with fox chow 
in amounts equivalent to 0.4 per cent of commercial and 
0.15 per cent of other compounds. Thirty mice of an 
inbred strain were then implanted subcutaneously with 
a small graft of a sarcoma native in the strain used, placed 
in individual containers and given 10 grams of food each 
day; 25 of them receiving treated and 5 untreated fox 
chow. Samples of urine were examined, and the mice 
were sacrificed about 14 days later, by which time those 
receiving untreated food had large tumors. As each 
mouse was sacrificed records were made of its condition 
and of the size and color of its organs and tumor. If the 
mouse was normal and its tumor large and uncolored the 
test was not repeated. If, however, its tumor was small 
and stained, the test was repeated. Tests on mice that 
became ill were repeated using less dyestuff. Compounds 
that stained and retarded sarcomas were tested also on 
mice bearing spontaneous adenocarcinomas. 

Our results show that compounds that stain and retard 
tumors have certain structural similarities. Further in- 
vestigation should disclose the structural nature of com- 
pounds less toxic and more selective in their inhibiting 
action on malignant tissue so that they can be synthesized 
for use. 


STUDIES ON PURIFICATION OF THE AGENT OF 
CHICKEN TUMOR I. W. RAY BRYAN and 
VERNON T. RILEY. (National Cancer Institute, 
Bethesda, Md.) 


Progress has been made toward purification of the 
agent of chicken tumor I in experiments carried out with 
quantitative biological assays, quantitative nitrogen 
determinations, and electron microscopic observations. 
The results of investigations involving the principles of 
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oltracentrifugal fractionation and chromatography were 
deseribed. 


RELATIONSHIP BETWEEN THE LETHAL YEL- 
LOW (4%) GENE OF THE MOUSE AND SUS- 
CEPTIBILITY TO SPONTANEOUS PULMON- 
ARY TUMORS. MARGARET K. DERINGER 
and WALTER E. HESTON. (National Cancer 
Institute, Bethesda, Md.) 

Susceptibility to induced pulmonary tumors has been 
shown to be associated with the lethal yellow gene (A”) 
of the mouse. Yellow F,; hybrid mice from a cross between 
strains A and Y were more susceptible to pulmonary 
tumors induced by 20-methylcholanthrene than were 
their brown litter mates. In the present experiment the 
data indicated a relationship between the lethal yellow 
gene and spontaneous pulmonary tumors. 

Eighty-two AYF) hybrids were produced and were 
autopsied at 15 months of age. Sixteen of the 38 yellow 
mice and 9 of the 44 brown mice had pulmonary tumors. 
The results suggested a higher degree of susceptibility in 
the vellow mice but were not significant. A second group 
of 83 mice was therefore produced and was autopsied at 
15 months of age. Fifteen of the 38 yellow mice and 10 
of the 45 brown mice had pulmonary tumors. These re- 
sults were not significant but the combined results for the 
2 groups were highly significant, X2 = 7.425; P <0.01. 

The previously demonstrated effect of the A” gene on 
body size was shown by the weights of the second group 
at 6, 12, and 15 months of age. At 6 months the average 
weight for the vellow males was 14 gm. higher than that 
for the brown males; and that for the yellow females was 
19.6 gm. higher than that for the brown females. This 
difference was approximately halved at 12 months and 
at 15 months the yellow and brown mice were of approxi- 
mately equal weight. 


MORPHOGENESIS AND EVOLUTION IN MALIG- 
NANT TUMORS. SPONTANEOUS MATURA- 
TION AND REGRESSION OF TESTICULAR 
NEOPLASMS. NATHAN B. FRIEDMAN. (Army 
Institute of Pathology, Washington, D. C.) 

Study of 1,000 tumors of the testis (Mil. Surgeon, 99: 
573-593. 1946) has revealed that teratoid growths result 
from the maturation of originally undifferentiated neo- 
plasms. It is suggested that primitive cells from such 
tumors may metastasize before differentiation takes 
place, a hypothesis which would explain why teratomas 
lacking histologically malignant components are some- 
times associated with metastases. 

Some trophoblastic tumors of the testis disappear com- 
pletely despite progression of their metastases. The 
tendency toward vascular invasion, hemorrhage and 
necrosis and possibly the normally brief life span of 
trophoblastic tissue may account for such regression. The 
primary site of the neoplasm remains marked by a pe- 
culiar cicatrix, which, when overlooked, leads to the er- 
roneous diagnosis of extragenital chorioepithelioma. 

Regression is not restricted to trophoblastic tumors. 
The tuberculoid granulomas which are common secondary 
stromal components of germinomas (seminomas) some- 


times become more prominent than the seminomatous 
tissue. It is difficult or even impossible at times to 
identify residual neoplastic elements when the bulk of 
the ‘‘tumor”’ is made up of lymphocytes, epithelioid cells, 
fibroblasts and giant cells. 

Teratoid tumors may be governed by oncologic princi- 
ples which do not apply to other types of neoplasms. 
However, it might be worth investigating the new 
growths of other organs for evolutionary and regressive 
tendencies comparable to those of testicular tumors. The 
factors controlling neoplastic maturation and regression 
and the possibility of influencing them should be explored. 


GENETIC FACTORS AFFECTING SYNERGISM 
OF LEUKEMOGENIC AGENTS. HARRY W. 
MIXER and ARTHUR KIRSCHBAUM. (De- 
partments of Radiology and Anatomy, University of 
Minnesota Medical School, Minneapolis, Minn.) 

Mice of the dba strain (subline 212) are susceptible to 
the induction of leukemia by either x-rays or methyl- 
cholanthrene administered independently. Although 
strain CBA is very susceptible to the leukemogenic action 
of x-rays, this stock has proved to be absolutely refractory 
to the induction of leukemia by methylcholanthrene. 

When treatment with x-rays (1,000 r in divided doses) 
was combined with 18 skin paintings of methylcholan- 
threne dissolved in benzene (0.25 per cent solution), the 
incidence of induced leukemia was increased (59 per cent 
with combined treatment, 34 per cent with x-rays only, 
33 per cent with methylcholanthrene only). When sub- 
threshold doses of the 2 agents were combined, absolute 
synergism was obtained (no induced leukemia with either 
6 skin paintings of methylcholanthrene, or 200 r of x-rays 
used alone, but 30 per cent induced leukemia when the 
2 agents were combined). 

Although synergism could be demonstrated in dba mice 
where susceptibility to each leukemogenic agent was 
manifest, neither synergistic nor additive effects could be 
obtained by combined administration of these agents to 
CBA mice. The incidence of leukemia was the same if 
500 r were given in divided doses either alone or in com- 
bination with 18 skin paintings of methylcholanthrene. 

These results suggest that leukemogenic agents may 
act synergistically only if the test animals are susceptible 
to each of these agents independently. 


CHEMICAL FACTORS CONCERNED IN THE 
MUTUAL ADHESIVENESS OF EPITHELIAL 
CELLS. IRVING ZEIDMAN. (Department of 
Pathology, School of Medicine, University of Penn- 
sylvania, Philadelphia, Pa.) 

Experiments were designed to determine the chemical 
factors responsible for maintaining mutual adhesiveness 
of human squamous epithelial cells. The method used 
depended upon separation of pairs of cells by micro- 
manipulation, the value of adhesiveness being determined 
by the bend produced in a calibrated microneedle when 
subjected to the strain of detaching the cells. Adhesive- 
ness was decreased in the absence of calcium or mag- 
nesium, or both. Reduction in adhesiveness brought about 
in a calcium-free solution was not reversed by restoring 
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calclum to the medium. Excess of potassium in the 
solution did not alter adhesiveness. Decrease in ad- 
hesiveness was produced by methylcholanthrene, a sub- 
stance reported to lower the calcium content of squamous 
epithelium. These results offer an explanation for changes 
in adhesiveness recently reported in cancer cells. In these 
malignant cells, adhesiveness was found decreased as 
compared with that of normal epithelium. Since the 
calcium content of cancer cells has been reported to be 
abnormally low, it is regarded as probable that lessened 
adhesiveness of cancer cells is explained by their de- 
ficiency in calcium. 


CHANGES OF CARBOHYDRATE METABOLISM 
IN PATIENTS WITH GASTRIC CANCER AND 
IN MICE BEARING SARCOMA 180. J. C. 
ABELS, C. J. KENSLER, N. F. YOUNG, and F. 
HOMBURGER. (Sloan-Kettering Institute for 
Cancer Research, New York, N. Y.) 

Studies of hepatic glycogen concentration in patients 
with gastric cancer and in controls undergoing laparot- 
omies for benign abdominal disorders have shown that 
while the glycogen concentration is not different in the 
livers of patients with gastric cancer when the biopsy is 
taken after a 10 hour fast, it is considerably lower in the 
patients with cancer when both groups of patients receive 
glucose in the 10 hour period preceding the operation. 
This defect of glycogenesis can be corrected by the ad- 
ministration of adrenal cortical extract. 

Studies on mice bearing transplanted sarcoma 180 re- 
vealed similar defects of hepatic glycozenesis. This meta- 
bolic defect is therefore independent of the tvpe of tumor 
present and occurs, at least in the mouse, even when the 
tumor is located outside of the portal circulation. 


RESPONSE OF MOUSE MYELOGENOUS LEU- 
KEMIA TO URETHANE. ARTHUR KIRSCH- 
BAUM and C. 8. LU. (Department of Anatomy, 
University of Minnesota Medical School, Min- 
neapolis, Minn.) 

The administration of a single anesthetic. dose of 
urethane resulted within 24 hours in a drop in the white 
blood cell count and the appearance of many mature 
cells in the bone marrow of mice with myeloid leukemia. 
The depression in white blood cell count continued until 
72 hours after injection, following which the counts rose. 
However, they had not reached the initial level 6 days 
after the single injection in 8 of the 11 mice tested. 

The ratio of segmented to mononuclear myeloid 
(blast) cells in the leukemic marrow ranged from 13:87 
to 46:54, with an average of 26:74. This ratio was re- 
versed within 24 hours following a single injection of 
urethane’ (1 mgm. per gm. of body weight in aqueous 
solution given IP). 

The number of mitotic figures in the myeloid cells of 
leukemic marrow was decreased following the administra- 
tion of urethane. Maturation may have been secondary 
to inhibition of mitosis in blast cells. However, in the 
treated mice there were fewer marrow cells capable of 
undergoing division, which may account for the reduced 
number of division figures. 


It is suggested that the release of an increased per- 
centage of mature cells into the circulating blood may be a 
factor in depression of white blood cell counts following 
the injection of urethane into mice with mveloid leukemia, 
THE METABOLISM IN THE MOUSE OF 1, 2, 5,- 

6-DIBENZANTHRACENE LABELED IN THE 
Y-POSTTION With CH. CHARLES HEIDEL- 
BERGER and HARDIN B. JONES. (Radiation 
Laboratory, University of Calitorma, Berkeley, 
Calif.) 

Previous investigations of the metabolism of dibenz- 
anthracene, using ultraviolet absorption spectroscopy as 
the analytical tool, has led to the isolation and charac- 
terization of 4’,8’-dihvdroxvdibenzanthracene and some 
preliminary information as to the distribution of this 
carcinogen in the animal body. This work was sum- 
marized by R. Norman Jones (Cancer Research, 2:237. 
1942) who made a considerable contribution to this field, 
and who pointed out the difhculties inherent in this 
method of analysis. 

Dibenzanthracene labeled in the 9 position with Cu 
has been synthesized by Heidelberger, Brewer, and 
Dauben (J. Am. Chem. Soc. In press) and this material 
which has a specific activity 0.385 uc. mgm. ts being 
used in an investigation of the metabolism and mechanism 
of carcinogenic action of this compound. Small doses ot 
known radioactivity are administered in various ways to 
mice, which are kept in metabolism cages to recover the 
carbon dioxide of respiration as well as the urine and 
feces. The animals are dissected, the organs to be assayed 
are burned with oxygen in a combustion furnace, and the 
carbon dioxide is precipitated and counted in the form ot 
barium carbonate with thin-window Geiger-Mueller 
counters. Dibenzanthracene has been administered to 
mice as a colloid in isotonic glucose, and in fat solutions. 

The most striking fact observed in the metabolism of 
dibenzanthracene injected intravenously as an aqueous 
colloid, is the rapid elimination of large quantities in the 
feces. 

A bile-fistula was performed on a mouse and after in- 
jection of the colloid, all detectable activity was present 
in the bile. Since there was no activity observed in the 
intestines or the intestinal contents, the excretion must 
be entirely through the bile. Chemical investigation of 
this bile reveals that the activity is due almost entirely 
to unaltered dibenzanthracene. In some cases there has 
been a small amount of radioactivity in the carbon dioxide 
of respiration, indicating the complete oxidation of at 
least one carbon in the molecule. This point is under- 
going further investigation. 

In general, it can be stated that the activity Is not 
highly concentrated in any specific tissue of the body, 
but seems to be distributed fairly evenly throughout the 
internal organs. The mode of administration affects the 
amount absorbed in the body, exclusive of the gastro- 
intestinal contents. At the end of 24 hours, 25 per cent 
of the activity was absorbed from intraperitoneal in- 
jection, whereas 5 per cent was absorbed from stomach- 
tube and from intravenous injection. When the substance 
is given to animals bearing highly developed mammary 
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cinoma, there is no appreciable concentration in the 

coplasm. When the compound is administered intra- 
seritoneally, either in oil or as an aqueous colloid, there ts 

higher concentration of activity in the intestines than 
» the intestinal contents. This is not observed with other 
methods of administration, and indicates the path ot 
absorption to be across the exposed peritoneum of the gut. 
Subcutaneous administration in oil indicates that at the 
end of six weeks, 52 per cent of the dibenzanthracene ts 
retained near the site of injection. However, a small 
tumor which appeared at the site in that time interval, 
showed that an appreciable part of the radioactive carbon 
in the tumor was no longer present in the form of di 
benzanthracene, but 14 per cent has been converted into 
an acidie form, and 21 per cent to a phenolic form. Thus 
65 per cent of the dibenzanthracene ts unaltered. 

Aliquots of an extract of this tumor were assayed by 
both possible methods. The amount of dibenzanthracene 
calculated from the spectrographic data was twice the 
quantity obtained by direct radioactive assay, and this 
justifies previous observations that) spectrographically 
interfering substances other than the carcinogen tend to 
give unreliable results. 

Work is now in progress in these laboratories on the 
mechanism of tumor production and regression with 
radioactive dibenzanthracene. Distribution studies over 
longer periods of time, using various modes of administra- 
tion, are being continued with the ultimate aim ot 
establishing, uf possible, the site and mechanism of di- 
benzanthracene metabolism, degradation, and elimination 
in the mouse. 

This paper is based on work performed under Contract 
= W-7405-Eng-48 with the Atomic Energy Commission 
in connection with the Radiation Laboratory, University 
of Cahtormia, Berkelev, Calif. 


CARCINOMA OF THE COLON IN RATS FOLLOW- 
ING THE FEEDING OF RADIOACTIVE YT- 
TRIUM. HERMAN LISCO, AUSTIN M. BRUES, 
MIRIAM P. FINKEL, and WALTER GRUND- 
HAUSER. (Metallurgical Laboratory, University 
of Chicago, and Argonne National Laboratory, 
Chicago, IIL.) 

Yttrium®!, one of the common radioactive fission prod- 
ucts obtained in a chain-reacting pile, is a pure beta- 
emitter with an energy of 1.5 mev and a half-life of 57 
days. It is essentially not absorbed and, since the ma- 
terial remains longer in the colon than in any other por- 
tion of the intestinal tract, most of the damage occurred 
in this region. 

One group of rats received a single feeding by stomach 
tube of from 1.0 to 6.0 me. of Y9. Of the 33 animals in 
this group, + died with adenocarcinoma of the colon. The 
earliest tumor was seen at 135 days and the latest at 506 
days. Additional animals died with acute and chronic 
ulceration of the colon accompanied by benign and 
atypical hyperplasia of the mucosa. 

A second group of rats was given 78 feedings of 0.46, 
0.20, or 0.06 millicuries of Y9% per feeding over a period 
of 3 months. The total accumulated doses were 31.20, 
15.60, and 4.68 me., respectively. Clinically all animals 


appeared well during the feeding period and growth was 
not impaired. Six of the 8 animals at the 2 higher levels 
died with carcinoma of the colon from 304 to 548 days 
atter the first feeding. No malignancies were observed at 
the lowest level. However, many of these animals died 
with superficial ulcerative lesions of the colon. 


THE INFLUENCE OF COSMIC RADIATION ON 
THE INDUCTION OF CANCER. FRANK H. J. 
RIGGE. (University of Maryland Medical School, 
Baltimore, Md.) 

The hypothesis that the action of carcinogenic sub 
stances may be related to their ethecient conversion of 
some form of penetrating radiation such as cosmic 
radiation to a form of energy capable of inducing intra- 
cellular malignant transformations was suggested by 
previous work. ‘To test this hypothesis, 182 mice of 
Inbred strains were injected with 0.25 mgm. of methyl- 
cholanthrene. They were divided into two groups and 
subjected to different intensities of cosmic radiation. One 
group consisting of 69 mice in 3 aluminum cages, used as 
controls, received normal, unmodified sea-level cosmic 
radiation. The remaining 113 mice, in 5 aluminum cages 
with lead plate covers, were subjected to the normal 
sea-level cosmic radiation plus the showers of radiation 
resulting from passing cosmic radiation through 1 or 2 
lead plates | em. thick. The average latent period for 
carcinogenesis in the controls was 80 days. The average 
latent period tor induction of sarcomas in the 113 experi- 
mental mice receiving the intensified cosmic radiation 
was only 60 days, or three-fourths that of the controls. 
A repetition of this experiment gave the same results. 
While these results are significant, experiments to test 
this hypothesis in a more conclusive manner are desirable, 
and are contemplated. 


TISSUE ELEMENTS IN THE ORIGIN OF NEO- 
PLASMS. EVIDENCE THAT NEOPLASMS 
ORIGINATE AT VARIOUS LEVELS OF TIS- 
SUE ORGANIZATION. ANDERSON NETTLE- 
SHIP. (Alexander Blain Hospital, Detroit, Mich.) 

A number of early human carcinomas in various tissues 
were studied in order to determine the kind of immediate 
environment out of which cancer arises. These observa- 
tions pointed to morphologic evidence that certain neo- 
plasms have a multicellular origin. It was concluded that 
the majority of neoplasms originate in tissues that are in 
an involutionary phase and that have widespread atrophy 
of the parenchyma. Furthermore, such tissues may, insome 
areas, show hyperplasia. The degree of atrophy was usually 
severe. Also, a number of cases were studied that illustrate 
grossly and microscopically the qualitatively different 
type of organization manifested by neoplasms. Cases are 
given of (1) osteogenic sarcoma, (2) adenocarcinoma of 
the colon, and (3) melanocarcinoma. It is suggested that 
the degree of organization is dependent upon the level at 
which the tissue control is destroyed at the time the neo- 
plasm is established. Another aspect, that of morpho- 
logic evidence that certain neoplasms have multicellular 
origin, was studied in carcinoma in situ of the breast, 
carcinoma in situ of the stomach, epidermoid carcinoma 
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of the skin and cervix uteri. In all of these it was pos- 
sible to show in a focal area that the cells were approxi- 
mately of the same age of neoplastic development. Ad- 
ditional data was submitted irom tissue culture studies 
2nd induced carcinomas in lower species. In summary, 
it may be stated that this evidence points to the origin 
of cancer from tissues that have widespread atrophy. 
The type of cancer that is established morphologically 
depends upon the level at which the tissue organization 
breaks down. 


GENETIC AND ENDOCRINE FACTORS IN ADRE- 
NAL CORTICAL TUMOR FORMATION. 
GEORGE W. WOOLLEY and MARGARET M. 
DICKIE. (Roscoe B. Jackson Memorial Labora- 
tory, Bar Harbor, Maine) 

There are important genetic factors behind the occur- 
rence of adrenal cortical tumors. This is indicated by 
pronounced strain differences in response to gonadectomy. 
The adrenal cortex of strain JAX C57 brown, for example, 
undergoes only slight change in size or structure follow- 
ing gonadectomy. Strain JAX dba develops nodular 
hyperplasia of the adrenal cortex and strain JAX ce, 
adrenal cortical carcinoma. Hybridization experiments 
now in progress also point to the importance of the 
genetic factors. 

Endocrine factors are also of great influence. In our 
series, adrenal cortical tumors of the types described in 
this report did not occur without gonadectomy. Follow- 
ing gonadectomy certain endocrine preparations will pre- 
vent their occurrence in a genetically susceptibie strain. 
It is known that there is an intimate relationship between 
the adrenal cortex and the pituitary. In these first experi- 
ments the relationship is evidenced by occasional ab- 
normalities of the anterior lobe of the pituitary in the 
experimental and not in the control series. 

It seems evident that there is a relationship between 
the adrenal cortex and the gonad, and probably between 
gonadotropic and adrenocorticotropic factors. An hy- 
pothesis is that with the gonad absent there is increased 
need of activating materials which the adrenal cortical 
cells may be at least partially equipped to supply. The 
extent to which these are needed and/or the ability of the 
cells to fulfill the need is undoubtedly under genetic 
control. 


THE EFFECT OF CALORIC RESTRICTION ON 
THE INCIDENCE OF MAMMARY TUMORS 
IN CASTRATE HORMONIZED C3H MICE. 
CARMEN B. CASAS, JOSEPH T. KING, and 
M. B. VISSCHER. (Department of Phvsiology, 
University of Minnesota Medical School, Minneapo- 
lis, Minn.) 

Thirty C3H mice were ovariectomized at 21 to 23 days 
of age. They were divided into two groups of 15 each. 
One group was fed ad libitum; the other was restricted 
33 per cent in caloric intake. Both groups were fed 0.5 
gamma of diethylstilbestrol daily, and both received the 
same absolute amounts of protein, minerals and vitamins. 

Vaginal smears made by the lavage method showed a 
constant dense, mixed-cell picture with predominance of 


emits 


cornified cells in both control and experimental groups, 
with no recognizable difference between the two. 

At the time the first tumor appeared in the control 
group, accidents and sacrifice of animals for tissue study 
had reduced the control group to 13 animals and the 
restricted to 10. 

In the controls 3 tumors appeared in the 24th week 
after ovariectomy; 2 in the 27th; 1 in the 28th; 2 in the 
3ist and 3 in the 33rd week. Only 2 controls are tumor- 
free at the end of the 39th week. 

Only 1 tumor has been found in the restricted animals; 
it appeared in the 38th week. Evidently caloric restric- 
tion did not influence the vaginal response to estrogen in 
these animals but did significantly alter the tumor age. 


THE MILK AGENT. SAMUEL GRAFF, DAN H. 
MOORE, WENDELL M. STANLEY, HENRY 
T. RANDALL, and CUSHMAN D. HAAGEN- 
SEN. (Columbia University, and Rockefeller In- 
stitute for Medical Research, New York, N. Y.) 

This communication reports our progress toward iso- 
lation and characterization of the mouse mammary 
carcinoma agent transmitted by and present in the milk 
of the high-cancer strain. Milk, a fluid of fairly constant 
composition, offers obvious advantages for this work. 
Although ordinarily a colloidal suspension of casein and 
fat in a solution of proteins of lower molecular weight, 
the milk of the high-cancer strain also contains another 
protein, the virus. 

Fractionation by a variety of physical and chemical 
methods is under way. Electrophoretic, ultracentrifugal, 
and electron microscopic evidence on the elimination of 
some components, and the isolation and concentration 
of other components was demonstrated. 


EXCRETION OF STEROIDS IN THE FECES OF 
MICE OF VARIOUS STRAINS WITH AND 
WITHOUT THE MAMMARY TUMOR MILK 
AGENT. LEO T. SAMUELS (bv invitation), 
JOHN J. BITTNER, and BARBARA K. SAM- 
UELS (by invitation). (Department of Biochemis- 
try, University of Utah Medical School, Salt Lake 
City, Utah, and Division of Cancer Biology, Uni- 
versity of Minnesota, Minneapolis, Minn.) 

The excretion of ketosteroids- has been studied in 
various strains of mice with and without the mammary 
tumor milk agent. It appears that the absence of the 
milk agent is associated with increased fecal excretion ot 
ketosteroids. Most of the ketosteroids excreted have 
been found in the unconjugated form. The possible 
significance of the difference was discussed. 


COMPARATIVE STUDIES OF THE ESTROUS 
CYCLES IN RELATION TO THE MAMMARY 
TUMOR MILK AGENT. ROBERT A. HUSEBY 
and JOHN J. BITTNER. (Division of Cancer 
Biology, University of Minnesota, Minneapolis, 
Minn.) 

Chemical analysis of the excreta of mice has shown 
that mice possessing the milk agent virus have a much 
lower 17-ketosteroid excretion than genetically similar 
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nice lacking the virus (Samuels and Bittner). As 
ndrogens inhibit the action of estrogens upon the vaginal 
sucosa as well as upon other organs, if the altered 
17-ketosteroid excretion noted is due at least in part to a 
-hange in the production and/or metabolism of andro- 
-enetically active compounds, the estrous cycles of mice 
should vary according to the presence or absence of the 
agent. To test this the estrous cycles of groups of mice 
liffering only in this one respect were compared. Strain 
A\ and C3H mice and their F, hybrids and hybrids be- 
tween the dba and C3H strains were studied. It was 
found, generally, that mice possessing the agent showed 
vaginal cornification a greater percentage of the time 
than did those mice lacking the virus. Also the percentage 
of vaginal cornification of mice lacking the agent could 
be increased by foster-nursing such mice to females that 
possessed the agent. Mice of the C3H strain differed 
from the other groups studied, for in this strain there 
was no difference in the estrous cycles whether the ani- 
mals possessed or lacked the agent. The reason for this 
is obscure at the present time. 


EXPERIMENTAL ALTERATION OF THE CELLS 
OF A TRANSPLANTED TUMOR. C. W. 
HOOKER, C. A. PFEIFFER, and L. C. STRONG. 
(Department of Anatomy, Yale University School 
of Medicine, New Haven, Conn.) 

A testicular tumor composed of primitive Leydig cells 
that arose spontaneously in a mouse of the Strong C 
strain has been carried through 24 serial subcutaneous 
transfers in untreated mice of the same strain. No change 
in the cytology of the tumor has been encountered. Oc- 
casionally the grafted tumor has invaded the muscle of 
the body wall, and in a few instances metastases to the 
kidneys, liver, and lungs have been recorded. In the last 
20 transfers the graft has consistently attained a size of 
2.5 by 1.5 cms. in 3 weeks. When grown in castrated 
males the cytology of the tumor remained unchanged 
and the condition of the genital system of the hosts in- 
dicated no production of androgen. When equine gonado- 
trophin was injected daily into castrated mice carrying 
the tumor, the tumor cells were transformed into morpho- 
logically mature Leydig cells, and the condition of the 
genital system indicated the secretion of levels of andro- 
gen approximating that of the normal male mouse. Thus 
an agent that will provoke cellular differentiation in the 
normal testis has also brought about full morphological 
differentiation and physiological activity in the cells of 
an apparently malignant tumer. 


EFFECT OF ORCHIECTOMY ON ADVANCED 
CANCER OF THE BREAST IN MALES. IRA 
T. NATHANSON. (From the Medical Laboratories 
of the Huntington Memorial Hospital of Harvard 
University and the Tumor Clinic at the Massa- 
chusetts General Hospital, Boston, Mass., and Pond- 
ville Hospital, Massachusetts Department of Public 
Health, Walpole, Mass.) 
Five males with advanced, primary, recurrent or 
metastatic cancer of the breast were subjected to bilateral 
orchiectomy and exhibited some form of beneficial 


response therefrom. These effects were seen primarily 
in the original lesion, lymph node and pulmonary 
metastases. Changes in osseous metastases were less 
well defined. All the patients exhibited a general im- 
provement in their physical status. These effects are 
akin to those seen in patients with advanced cancer of 
the prostate gland following orchiectomy or estrogen 
therapy. In 2 patients estrogen therapy was instituted 
after recrudescence of the disease. No definitive effect 
was seen. The response is apparently only temporary, 
however, as 2 patients have succumbed, and the remain- 
ing patients have shown no evidence of reactivation of 
their disease 9 to 15 months following orchiectomy. 
These findings suggests further a hormonal control of 
certain type of neoplasms. 


METABOLIC EFFECTS OF TREATMENT OF 
CARCINOMA OF THE PROSTATE. JOSEPH 
C. AUB, DOROTHY M. TIBBETTS, and IRA 
T. NATHANSON. (Massachusetts General Hos- 
pital, Boston, Mass.) 

Over a period of several years, we have studied meta- 
bolic effects of castration and of stilbestrol in a few 
patients with carcinoma of the prostate. Changes in the 
excretion of calcium, phosphorus, nitrogen, and citrate 
were not dramatic as were the variations in the blood 
phosphatase levels. We are trying to analyze the in- 
fluence of treatment upon the viability or function of 
tumor cells by determining the acid phosphatase in mul- 
tiple biopsies of metastatic lymph nodes. 


URINARY SEX STEROID BALANCE IN PROS- 
TATIC DISEASE. WILLIAM T. SALTER, 
FRANCES D. HUMM, and JOHN B. GOETSCH. 
(Laboratories of Pharmacology and Toxicology and 
the Department of Surgery, Section on Urology, 
Yale University School of Medicine, New Haven, 
Conn.) 

That hormones can influence the progress of prostatic 
cancer is well supported by clinical and laboratory evi- 
dence. Such work has led, in general, to the theory that 
the affected organism presents an environment in which 
androgenic elements are predominant. This has led 
logically to methods of therapy in current practice which 
are aimed at upsetting the prevailing hormone balance 
either by (a) removal of the testis or (b) supplying ex- 
ogenous estrogen, or by using a combination of both 
methods. 

By actual test, however, the urinary excretion in such 
cases indicates an imbalance in the opposite direction 
from that which has been assumed to exist. The ratio of 
estrogen (in ywgm.) to “androgen” (17-ketosteroids in 
mgm.) as determined microchemically, is strongly in 
favor of estrogens in a high percentage of cases of 
prostatic disease. The E/A ratio is under 1.0 in healthy 
young adult males, while ranging from 2.0 to 10 in ovulat- 
ing adult females. In contrast, males with prostatic hyper- 
trophy or prostatic carcinoma frequently show ratios in 
the female range, and occasionally above 10. This 
paradoxical trend of the steroid ratio bears no relation- 
ship to the degree of malignancy involved. It does fur- 
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nish evidence which indicates that the relation of andro- 
gens and estrogens to prostatic disease must be re- 
evaluated. 


THE RELATIONSHIP OF THE NUCLEOLUS TO 
CYTOPLASMIC NUCLEIC ACIDS AND PRO- 
TEINS IN) DIFFERENT CONDITIONS OF 
GROWTH IN RAT LIVER. ROBERT E. STO- 
WELL. (Department of Pathology, Washington 
Universitv School of Medicine, St. Louis, Mo., and 
Institute tor Cell Research, Karolinska Institute, 
Stockholm, Sweden) 

Rats were kept on a protein-free diet for periods up to 

3 months to deplete the protein of the body. A tew 

protein-depleted animals were then placed on a high pro 

tein diet for intervals up to 8 davs. The liver of numerous 
normal controls, of 6 protein-depleted and 3 partially 
protein-repleted rats were frozen-dried or fixed in Stieve 
or Carnoy fluid. Some sections were stained with 
hematoxvlin and eosin and others by the Feulgen re- 
actions for thvmonucleic acid. Fixed and unfixed sections 

were photographed with ultraviolet light of 2,570 A. 

The nucleoli of the hepatic cells of rats on a protein- 

free diet increased to twice their normal size and the 
nuclei and cytoplasm decreased in volume. After a few 
davs on a high protein diet the size of the nucleoli de- 
creased and their number per nuclear section increased. 
The changes in the cytoplasmic absorption at 2,570 A 
were suggestive of an increased nucleotide content. The 
results of these preliminary experiments, when compared 
with similar experiments on liver cells in regeneration and 
in neoplastic transformation, show that there are large 
morphologic variations in the nucleolus of hepatic cells 
under different conditions of growth. 


GROWTH RATE OF TRANSPLANTED TUMORS 
IN RELATION TO LATENT PERIOD AND 
HOST VASCULAR REACTION. GLENN H. 
ALGIRE, and FRANCES LEGALLAIS. (National 
Cancer Institute, Bethesda, Md.) 


Transplanted tumors that have been studied in trans- 
parent chambers inserted into mice fall into two general 
classes in respect to their growth rate and vascular de- 
velopment. Among the rapidly growing group studied 
so far are included sarcomas, mammary gland carcinomas, 
and a malignant epithelial tumor of the skin. These 
elicited new capillary sprouts from the host as early as 
2 to 3 days, the surrounding host vessels became hyper- 
emic and numerous leukocytes accumulated about the 
implants. The percentage of the vascular tissue rose to 
approximately 50 per cent then stabilized at that level. 
The capillaries of the tumors mentioned above had an 
average diameter 5 times greater than those in a normal 
tissue (striated muscle), appearing as enormous sinusoid- 
like vessels which showed little tendency to differentiate 
into arterioles and venules. _ 

In striking contrast to the rapidly growing tumors that 
killed the host in from 3 to 6 weeks, were the slowly 
growing tumors which killed the host in from 3 to 6 
months. These included the Harding-Passey and Cloud- 
man S91 pigmented melanomas, and an amelanotic 


TT 


melanoma derived from the SOL. The slow growth rate 
of these tumors was correlated with a prolonged latent 
period prior to capillary proliferation, usually & days or 
more. In addition, vascular levels in these tumors rarely 
exceeded that of the vessels in’ the surrounding sub- 
cutaneous connective tissue, and were less than one half 
that of the rapidly growing tumors. ‘There was very 
little leukoeytic accumulation about the implants and 
vascular hyperemia in the surrounding tissues was lack- 
ing. The capillaries formed were small in diameter, like 
those of normal striated muscle, and showed considerable 
differentiation into arterioles and venules. 


METABOLIC CHARACTERIZATION OF TRANS- 
PLANTED MOUSE MELANOMAS BY HIGH 
OXIDATIVE RESPONSE TO PARAPHENYL 
KNEDIAMINE. MARIE L. HESSELBACH, 
DEAN BURK, GLENN H. ALGIRE, CLARA 
FISCHER, and FRANCES Y. LEGALLAIS. 
(National Cancer Institute, Bethesda, Md.) 

Tissue slices of the 3 transplantable mouse melanomas, 
the Harding-Passey, the Cloudman S91 pigmented 
melanomas and the SOLA amelanotic melanoma, showed 
a metabolism consistent with that of malignant tumors 
generally, in regard to aerobic and anaerobic glycolysis, 
oxygen consumption, respiratory quotient, and otder 
related derived quotients. 

On the other hand, all 3 melanomas showed a much 
greater percentage stimulation (400 to 1,000) of oxygen 
consumption by paraphenylenediamine than any other 
tumors tested to date (0 to 150 per cent), and the stimu- 
lation was in all cases essentially eliminated by cyanide. 
This greatly enhanced stimulation of oxygen consump- 
tion by paraphenylenediamine offers the possibility of a 
biochemically new characterization and mode of diag- 
nosis of melanomas, amelanotic as well as pigmented, 
that is readily subject to further testing with a variety of 
other melanomas. 

The marked stimulation of oxygen consumption caused 
by paraphenylenediamine in cyanide-free tissue slices of 
the melanomas, as compared with other tumors tested, 
may be interpreted as indicating that the ratio oxidized / 
reduced cytochrome c is considerably higher in these 
melanomas than in other tumors, and, in fact, in the 
range in normal and embryonic tissues generally. This is 
indicative of a relatively high level of oxidation-reduction 
potential within the melanoma cells, either intracellularly 
throughout or locally in certain cell areas. 


THE EFFECT OF AGE ON REGENERATION OF 
RAT LIVER FOLLOWING PARTIAL HE- 
PATECTOMY. NANCY L. R. BUCHER, ANDRE 
GLINOS, and JOSEPH C. AUB. (Medical Lab- 
oratories of the Collis P. Huntington Memorial Hos- 
pital of Harvard University at the Massachusetts 
General Hospital, Boston, Mass.) 

It seems possible that the frequent association between 
cancer and old age may express some significant aspect 
of the genesis of cancer. Accordingly it seems important 
to formulate the response of ageing tissues to growth 
stimull. 
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Regenerating rat liver has been chosen for such a study 
cause its restorative capacity 
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can be accurately 
Previous investigators have found that age 


In the present experiment rats of accurately known 
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livided into voung (4 to 6 weeks), adult (6 to 8 
Many ot 
group showed the characteristics of senility. 
Phe main lobes of the liver, constituting approximately 
OS. 4° of total, were removed, and the method 

Brues, Drurv and Brues (Arch. Path., 22:058. 1930) 
ollowed in determining the percentage of restoration in 
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Phe voung rats, in whom regeneration was super 
imposed on active growth, were not strictly comparable 
to the other two groups. In general the regenerative 
capacity decreased with age. Restoration of liver mass 
was retarded in the adult and old rats as compared with 
the voung rats, and restoration of hepatic cells to their 
original number was retarded in the old rats as compared 
with the other two groups. 


THE CITRIC ACID CONTENT OF TUMOR TIS- 
SUE AND OF TUMOR-BEARING ANIMALS. 
FRANCES L. HAVEN, and CHALLISS RAN- 

DALL. (Department of Biochemistry, The Uni- 

: versity of Rochester School of Medicine and Dentis- 


trv, Rochester, N. Y.) 





The citric acid content of Walker 256 and of liver, 
blood, and kidneys of rats bearing this tumor has been 
determined. The necrotic portion of 21 tumors contained 
4 to 20 times more citric acid than the non-necrotic por- 
tion. The blood of tumor-bearing animals was normal in 
citric acid. The kidneys and, to a lesser extent, the livers 
of rats bearing this tumor were higher in citric acid than 
similar organs of rats without tumors. 


ON DEFECTIVE PLASMA PROTEIN FORMATION 
IN PATIENTS WITH GASTRIC CANCER. F. 
HOMBURGER, AURELIA POTOR, and N. F. 
YOUNG. (Sloan-Kettering Institute for Cancer 
Research, New York, N. Y.) 


Intractable hypoproteinemia is part of the systemic 
disease found in patients with gastric cancer. This study 
of nitrogen balance and plasma protein regeneration was 
made on 13 patients with gastric ulcers, operable and 
inoperable cancer of the stomach. It was found that on 
high protein intakes, sufficient to produce plasma protein 
regeneration in patients with gastrectomies for ulcers, 
plasma protein levels of patients with gastric cancer re- 
mained low or continued to fall. The increase of circulat- 
ing plasma protein in 2 cases was due to globulins. This 
finding, together with the fact that even in the presence 
of positive nitrogen balance for as long as 80 days no 
increase of circulating plasma protein occurred, sug- 
gests an anomaly of protein metabolism in these patients. 











HISTOCHEMICAL PHOSPHATASE REACTION IN 
MOUSE SARCOMAS CR 180 AND 37 FOLLOW 
ING ADMINISTRATION OF BACTERIAL 
POLYSACCHARIDE. MORRIS BELKIN, and 
KLMER D. BUEKER (by invitation). (Depart- 
ments of Pharmacology and of Anatomy, Medical 
College of South Carolina, Charleston, S. C.) 

Swiss albino mice carrving 2 weeks old implants of 
sarcoma CR 180, and dba mice carrving similar implants 
of sarcoma 37 were each given O.1 mgm. of bacterial 
polvsaccharide intraperitoneally. They were — then 
sacrificed, as were control animals, in groups of 2 or 3, 
at half-hourly or hourly intervals for the first 4 hours, 
and at &, 12 and 24 hours after injection. The tumor 
tissue was fixed in chilled acetone for acid phosphatase, 
and in 80 per cent alcohol for alkaline phosphatase 
preparations. Gomort’s histochemical method was used 
for both acid and alkaline phosphatase reaction, with 
minor modifications. 

For both acid and alkaline phosphatases, 5 different 
substrates were used, with varving incubation periods 
as follows: 


Acid pH §, Alkaline pH 9.4, 


hours hours 
Glycerophosphate 6O', 5 
Adenylic acid 72 3 
Fructose diphosphate 72 2 
Lecithin 72 72 
Yeast nucleic acid 48 3 


No striking effects were obtained, for any of the sub- 
strates, for either acid or alkaline phosphatase reaction. 

The tumors incubated with glycerophosphate and yeast 
nucleic acid on the acid side, and all the substrates on the 
alkaline side, showed a mild increase in staining properties 
2 to 3 hours after polysaccharide administration. 

Microscopically, at this interval, the nuclear wall and 
nucleoli were somewhat more darkly stained. But, as the 
cytotoxic action of the polysaccharide continued, with 
progressive dissolution of nuclear contents into granular 
fragments, and their dispersal into the cytoplasm, the 
intensity of the staining diminished. 

It is concluded that the cytotoxic effect of bacterial 
polysaccharide is not mediated through attenuation or 
destruction of the phosphatase enzymes in so far as it has 
been studied by this particular histochemical technic. 


REDUCTION IN TOXICITY OF SERRATIA MAR- 
CESCENS POLYSACCHARIDE TO TUMOR- 
BEARING MICE PRODUCED BY UPJOHN 
CO. BEEF ADRENAL EXTRACT. LYLE 
BECK, IRENE DILLER, BERTINA BLAUCH, 
and MARY FISHER. (Lankenau Research In- 
stitute, Philadelphia, Pa.) 

The Serratia marcescens tumor-necrotizing polysac- 
charide isolated by Shear and his co-workers (J. Nat. 
Cancer Inst., 4) produces toxic effects which may culmi- 
nate in death when the mice bear large tumors or when a 
dose many times that required to produce extensive 
necrosis is given to mice bearing small tumors. 

Five hundred micrograms of S. marcescens polysac- 
charide preparation P, of the National Cancer Institute 
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caused death within 48 hours in 64 of 75 mice bearing 7 
day tumors (sarcoma 37). Most of these mice died 
within a few hours after intraperitoneal injection of the 
polysaccharide. Another group of 45 mice bearing 7 day 
tumors was given 0.25 cc. of Upjohn Co. beef adrenal 
extract, 500 wgm. of P, polysaccharide and another 0.25 
cc. of adrenal extract at the end of the working day. Of 
these mice, 22 survived 48 hours or longer. The prob- 
ability of this difference in survival being due to chance 
was calculated using Chi Square and was found to be 
about 1 in 10,000. 

On the other hand, no evidence was secured that 
Upjohn Co. concentrated hog adrenal extract in oil is 
effective in counteracting the lethal effects of 500 ugm. 
of polysaccharide preparation P, given to mice bearing 
7 day tumors. 


STUDIES OF PULMONARY TUMOR INDUCTION 
IN MICE BY DERIVATIVES OF CARBAMIC 
ACID. C. D. LARSEN. (National Cancer In- 
stitute, Bethesda, Md.) 


Examination of the phenomenon of pulmonary tumor 
induction in mice by ethyl carbamate and other deriva- 
tives of carbamic acid have been extended. In strain A 
mice single injections of a narcotizing dose of ethyl 
carbamate initiated increases in incidence and frequency 
of lung tumors. Although an initial response was noted 
after 1 month, maximum effects were not observed until 
5 months had elapsed. 

Ethyl carbamate (urethane) was relatively specific in 
its capacity to induce lung tumors. Studies of ester 
homologues of urethane, other than those previously re- 
ported, substantiate the specificity of urethane. 8-chloro- 
ethyl carbamate and trichloroethyl carbamate were in- 
active; propyl carbamate and isopropyl carbamate 
exhibited about 1 and 5 per cent, respectively, of the 
activity of the ethyl ester. N-alkylated ethyl carbamates, 
with one exception, tended to decline in activity as the 
extent of alkylation was increased. Mono-N- and 
di-N-methyl ethyl carbamates exhibited only about 10 
and 5 per cent, respectively, of the activity of urethane. 
Mono-J-isopropyl ethyl carbamate, however, elicited a 
striking increase in lung tumors; an activity approach- 
ing 50 per cent of that of urethane was noted. 

Embryonic lung tissue was found susceptible to the 
oncogenic action of urethane. Litters from pregnant mice 
that had been injected with a single narcotizing dose of 
urethane prior to parturition were kept until 6 months 
of age. Striking increases in the incidence and multi- 
plicity of lung tumors in the offspring were observed. 
Essentially identical results followed either intraperitoneal 
or intravenous injection of the pregnant mice. The 
response of pulmonary tissue to im utero exposure to the 
agent tended to vary inversely with the injection- 
parturition interval. 


AN EXPERIMENTAL STUDY OF _ SINGLE 


TRAUMA MALIGNANCY. WILLIAM L. SIMP- 
SON. (The Barnard Free Skin and Cancer Hospital, 
and Washington University School of Medicine, St. 
Louis, Mo.) 





Te: 


The skin of the Swiss strain mouse is rendered un- 
usually susceptible to the action of carcinogenic agents by 
the prolonged application to it of carcinogenically in- 
active solutions of methylcholanthrene in anhydrous 
lanolin. Unless actively carcinogenic compounds are ap- 
plied to the skins of these “sensitized” mice, they usually 
remain free from cancer until death, and neither struc- 
turally nor chemically do their skins resemble those in 
which precancerous changes have been initiated by 
‘active’ solutions of methylcholanthrene in benzene. 

Experiments have been conducted on such hypersus- 
ceptible skin, as well as on normal mouse skin, to test the 
cancer-evoking potentialities of a single severe trauma. 
Three types of injury were inflicted: (1) burning with a 
hot glass rod, (2) crushing of the skin with pliers, and (3) 
exposure to a massive localized dose of roentgen ir- 
radiation. 

Only rarely does the normal mouse respond to a sol- 
itary trauma by the development of a malignant tumor, 
a result in agreement with most earlier observations. In 
sharp contrast are the results on “sensitized” mice. 
Malignant tumors did not follow injuries by crushing or 
by x-ray “burns,” but in two groups of mice subjected 
to trauma by burning with a hot glass rod malignant 
tumors appeared in 42 per cent and 65 per cent re- 
spectively. Carcinomas, sarcomas and carcinosarcomas 
were produced. In both groups approximately 80 per 
cent of the tumors arose at the site of the preceding injury. 
The average period of induction, dated from the time of 
injury, was 7 months. 

The bearing of these experiments on the much dis- 
cussed problem of single trauma cancer in man was 
considered. 


DIFFUSIBLE AND NON-DIFFUSIBLE CALCIUM 
IN NORMALAND METHYLCHOLANTHRENE- 
TREATED MOUSE EPIDERMIS. A. I. LANS- 
ING and M. H. AU. (Department of Anatomy, 
Washington University School of Medicine, and 
Barnard Free Skin and Cancer Hospital, St. Louis, 
Mo.) 


Carruthers and Suntzeff in 1943 established that epi- 
dermal calcium is significantly decreased in methyl- 
cholanthrene-induced hyperplasia and carcinoma. The 
present investigation was designed to explore further this 
pronounced shift in total calcium and to determine 
whether the ratio between free and bound calcium in 
early and late hyperplasia and carcinoma is altered. 

The method employed for separation of free and bound 
calcium (measured as diffusible and non-diffusible cal- 
cium) was based upon the ultrafiltration technic of Mazia 
in 1937, and calcium was determined by the method of 
Lindner and Kirk, the same year. 

The ratio of diffusible to non-diffusible calcium in 
normal 3 month old Swiss mice was 1:1.6; early (20 days) 
hyperplasic epidermis revealed no significant alteration 
of this ratio but confirmed the 50 per cent drop in total 
calcium reported by Carruthers and Suntzeff. Study 1s 
being made of the diffusible and non-diffusible calcium 
ratio in late hyperplasia (60 days) and carcinoma. 
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IYALURONIDASE AND THE GROWTH OF MA- 
LIGNANT EPITHELIAL TUMORS. A. R. 
GOPAL-AYENGAR, and WILLIAM L. SIMP- 
SON. (The Barnard Free Skin and Cancer Hospital, 
and Washington University School of Medicine, 
St. Louis, Mo.) 


Although an association between ‘‘spreading factors” 
and the growth of malignant tumors has been recognized 
for some years, the nature of the relationship has never 
been elucidated. We have now tested by direct experi- 
ments the hypotheses formulated in 1943 by Cramer and 
Simpson on a possible mechanism for this association. 
[Included in the investigations were: (1) the effects of a 
spreading factor from testis (hyaluronidase) on the 
growth and invasive capacities of a mouse-transplantable 
squamous cell carcinoma, (2) the relation of hyaluroni- 
dase and anti-hyaluronidase antibodies to the develop- 
ment of the transplantable tumor, and (3) the effect of 
the enzyme on carcinogenesis in response to methyl- 
cholanthrene. 

Local injection of the hyaluronidase about the base of 
established cancer transplants resulted in the enhance- 
ment of invasive growth with a striking destruction of 
muscle and bone by the tumor. In a few instances the 
local injection was followed promptly by the appearance 
of distant metastatic lesions. 

Results of the other experiments, which were not then 
quite completed, were described at the meeting. 


THE ROLE OF SEBACEOUS GLANDS AND HAIR 
FOLLICLES IN EPIDERMAL CARCINOGENE- 
SIS IN MICE. V. SUNTZEFF, C. CARRUTHERS, 
and E. V. COWDRY. (From the Barnard Free 
Skin and Cancer Hospital, and the Department of 
Anatomy, Washington University School of Medi- 
cine, St. Louis, Mo.) 


Previous studies in this laboratory revealed that young 
New Buffalo mice developed squamous cell carcinoma 
more rapidly and in a higher percentage than did old mice 
of the same strain after the topical application of methyl- 
cholanthrene. This difference led to an investigation of 
the response of the skin of very young mice (2 to 10 hours 
after birth) to a single application of the same carcinogen. 
Thirty mice were treated in this fashion, and 19 months 
after the application of the carcinogen, 23 mice were alive 
without evidence of tumor formation.. A_ possible 
morphological basis for this lack of reponsiveness was 
found in a detailed study of the development of the skin 
and its associated structures from the time of birth until 
the skin was completely developed. The hair follicles 
and sebaceous glands were found to be rudimentary at 
the time the carcinogen was applied, and the epidermis 
was well differentiated and covered with a thick layer of 
keratin. The failure of very young mice to develop cancer 
may be due to the following factors: Inability of the 
carcinogen to penetrate through the thick epidermis or to 
reach the few rudimentary sebaceous glands via the hair 
follicles, only a few of which have hair reaching the ex- 
terior. That the hair follicles and sebaceous glands play 
an important role in epidermal carcinogenesis in mice is 
quite apparent from this study. 


STUDIES ON THE TRANSMISSION OF AVIAN 
VISCERAL LYMPHOMATOSIS. I. VARIATION 
IN ‘TTRANSMISSIBILITY OF NATURALLY 
OCCURRING CASES. BURMESTER, B. R., 
and DENINGTON, E. S. (U.S. Regional Poultry 
Research Laboratory, East Lansing, Mich.) 


The transmissibility of tumors from 10 cases of natural- 
ly occurring visceral lymphomatosis was tested by in- 
oculation of cellular and cell-free preparations into groups 
of 14 to 21 chicks 1 day of age. The recipient chicks were 
relatively free from prior infection since none of 41 non- 
inoculated controls developed tumors during an experi- 
mental period of 183 days. 

Lymphomatous tumors of the viscera were reproduced 
(an incidence of 14 to 85 per cent in 93 to 183 days) in 
recipients of cell-containing preparations from 8 of the 
original tumors. Similar tumors were produced (an in- 
cidence of 39 to 94 per cent in 183 days) by cell-free 
preparations from 5 of the original tumors. In addition 
to the visceral tumors, preparations from 1 tumor also 
produced a high incidence of osteopetrosis. 

Of the 10 donors that supplied visceral tumors, 7 also 
had gross or microscopic evidence of neurolymphomatosis. 
Gross neural lesions appeared in 1 to 4 chickens of several 
groups; however, there appeared to be no direct relation 
between the presence of this lesion in the donor and the 
number of recipients that developed neural or visceral 
lymphomatosis. 

Tumors of some, but not all, cases of visceral lympho- 
matosis are transplantable, and part of these tumors may 
be transmitted to chicks by inoculation with filtrates. 
The active agent or agents are of a size which will allow 
them to pass readily through bacteria-retaining filters. 


TRANSPLANTATION OF THE ROUS CHICKEN 
SARCOMA INTO THE ANTERIOR CHAMBER 
OF THE MOUSE EYE. EDWARD W. SHRIG- 
LEY. (From the Department of Bacteriology and 
Immunology, Yale University School of Medicine, 
New Haven, Connecticut) 


The Rous chicken sarcoma placed into the eye of the 
mouse grows to fill the chamber and frequently herniates 
to the exterior through the cornea. The growth behavior 
of the sarcoma in the mouse eye is similar to that in the 
eye of the guinea pig. However, in the former the tissue 
persists longer before undergoing regression. Transplants 
capable of producing growths in chicks have not been 
obtained from mice after 15 days of residence. Chicks 
injected directly with this mouse growth may show, in 
addition to the local tumor, hemorrhagic disease and 
periosteal sarcomas. Subsequent passages in chicks in- 
dicate that unlike the guinea pig passage agent, the virus 
has not undergone alteration in specificities nor has it 
increased in potency. On the contrary, data suggest that 
the mouse passage virus has lost some of its virulence 
while its tissue specificities are no different from those of 
the stock Rous agent. 


THE MORPHOLOGIC STABILITY OF SIX 
STRAINS OF MALIGNANT MOUSE FIBRO- 
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BLASTS GROWING JN VITRO. WILTON R. 
EARLE. (National Cancer Institute, Bethesda, Md.) 


The production of six strains of sarcoma cells from one 
parent strain of mouse fibroblast growing in an entirely 
heterologous medium 77 vitro has been previously re- 
ported. Of these six, strains H, J, L, N and O had been 
treated with a concentration of 1 ywgm. of 20-methyl- 
cholanthrene per ml. of culture media for 6, 32, 111, 184, 
and 406 days respectively. The degree of morphologic 
alteration in these cell strains was apparently directly 
associated with the time the cell strains had been sub- 
jected to the carcinogen. Strain D, the presumably un- 
treated control strain, also underwent a very limited 
morphologic alteration, but never showed as great a 
change as the cells of strain H, which were subjected to 
the carcinogen for 6 days. 

The last of these cell strains was removed from 20- 
methylcholanthrene on September 16, 1942, and since 
that time all strains have been grown in the same 
heterologous culture medium of chicken plasma, horse 
serum, and chick embryo extract, and under the same 
experimental culture conditions. 

Periodic photographs of these living cultures from 
December 17, 1942, through December 19, 1946, showed 
that strains J, N, and O have undergone certain limited 
secondary alterations within this interval. Strains D, H, 
and L, however, have shown no recognizable change in 
their respective characteristic induced morphologies 
since December 17, 1942. Allowing generously 5 days for 
each intermitotic interval in these three cell strains, it 
seems that the respective characteristic induced mor- 
phologies of these three cell strains have been stable for 
over 290 consecutive cell generations. 


THE USE OF PURIFIED FIBRINOGEN WITH 
CERTAIN STRAINS OF NORMAL AND MA- 
LIGNANT FIBROBLASTS IN TISSUE CUL- 
TURES. VIRGINIA J. EVANS, HELEN M. 
DYER, and MARGARET G. KELLY. (National 
Cancer Institute, Bethesda, Md.) 


An attempt was made to obtain a more chemically 
reproducible solid culture medium for tissue culture meta- 
bolic studies than has been possible by the use of plasma. 
A study has been made of bovine fibrinogen prepared by a 
number of different procedures. Test cell strains used 
have all been subcutaneous mouse fibroblasts and have 
included 3 strains of presumably normal mouse fibro- 
blasts, one freshly explanted 72 vitro and two grown 12” 
vitro for more than 3 years. Earle’s sarcoma strains D, 
H, J, L, N, and O were also used. All cultures were grown 
in Carrel D3.5 flasks and the supernatant culture medium 
has been 40 per cent saline, 40 per cent horse serum and 
20 per cent chick embryo extract. 

Results to date indicate that different cell strains vary 
substantially in their tendency to lyse this solid substrate. 
Of the cell strains tried, strain L, alone was unable to 
lyse the clot to any perceptible degree. All three strains 
of normal cells showed rapid lysis of the clot as did the 
sarcoma strains D, H, J, N, and O. 


HEREDITARY EOSINOPHILE LEVELS IN THE 
ACQUIRED RESISTANCE OF THE RABBIT TO 
THE BROWN-PEARCE TUMOR. ALBERT E. 
CASEY and GEORGE R. DRYSDALE. (Depart- 
ment of Pathology, The Baptist Hospital, Birming- 
ham, and the Holy Name of Jesus and Baptist 
Memorial Hospitals, Gadsden, Ala.) 


Previous studies by our group demonstrated hereditary 
variations in the blood eosinophile levels of normal 
rabbits but none for the neutrophiles or monocytes. 
High pretransplantation eosinophile levels were asso- 
ciated with a lower incidence and number of metastases, 
and a lower mortality in animals receiving successful 
transplants than low pretransplantation levels. No such 
relation for the neutrophile or monocyte levels could be 
demonstrated. 

Because the eosinophile effect did not seem to become 
manifest until the seventh week after inoculation 98 
additional animals were studied, giving a cumulative 
total of 283 young adult male rabbits received from 
breeders. Of these, 159 had the blood level of each of 
nine blood cell factors within normal limits for the species, 
and were seemingly free from intercurrent disease. These 
159 normal animals were inoculated intratesticularly 
with the Brown-Pearce tumor, and surviving animals 
were sacrificed two months thereafter. 

The cumulative data indicate that the pretransplanta- 
tion eosinophile level bears no apparent relationship to 
the course of the Brown-Pearce tumor during the first six 
weeks after inoculation. Its effect appears in the seventh 
week and persists with the characteristic and statistically 
significant pattern described above. It especially seems 
to affect the incidence of hematogenous metastases. 

The seventh week corresponds to the beginning of re- 
gression or the turning point of this neoplastic disease as 
first described by Brown and Pearce and later by Mal- 
luche. Thus a relationship between the _ hereditary 
eosinophile level and the acquired resistance of the rab- 
bit to the tumor is indicated. 


RETARDATION OF GROWTH AND METABOLISM 
OF NORMAL AND MALIGNANT CELLS DUR- 
ING CONTINUOUS CULTURE. JOHN H. 
HANKS (by invitation), GEORGE O. GEY, and 
RACHEL BARRETT (by invitation). (Division of 
Cell Physiology, Department of Surgery, Johns 
Hopkins Hospital and Medical School, Baltimore, 
Md., and Leonard Wood Memorial Department of 
Bacteriology, Harvard Medical School, Boston, 
Mass.) 


Throughout the life of multicellular organisms, most of 
the tissues and organs are capable of carrying on their 
specific function with a fairly stable cell population and, 
therefore, at a low maintenance rate of growth. When 
cells are released from the organization and control of 
the host and are explanted in tissue cultures, conditions 
are usually provided which cause them to migrate and 
divide rapidly. Since a major portion of biological and 
medical interest in the results of tissue cultivation depend 
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i interpretation in terms of post-embryonic or adult 
shvsiology and pathology, it is obvious that the art and 
<cience of tissue cultivation need some reorientation in 
the direction of maintaining more stable populations of 
cells without rapid multiplication. Maintaining cells at 
metabolic levels approximating those of postpartum 
ohysiology is of value in studying problems concerned 
with evtology, nutrition, endocrine secretion, antibody 
formation, the interrelations of cells and infectious agents, 
and the riddle of differentiation and malignancy. By 
lowering cell metabolism through reduction in tempera- 
tures of maintenance and by decrease in concentration 
of nutrients, it has been possible to perpetuate strains of 
normal and malignant cells over long perieds of time with 
minimal effort. Reduced temperature levels thus far in- 
vestigated include 28°, 31°, and 34° C. The results re- 
ported include studies on normal human and rat fibro- 
blasts and several strains of rat sarcoma. The effects of 
lowering temperature and nutrient supply upon rate of 
growth, duration of mitosis, cultural behavior, and 
cvtology were discussed. 


FURTHER OBSERVATIONS ON THE CONVER- 
SION OF NORMAL INTO MALIGNANT CELLS 
IN VITRO. GEORGE O. GEY, and MARGARET 
kK. GEY (by invitation). (Division of Cell Physi- 
ology, Department of Surgery, Johns Hopkins Hos- 
pital and Medical School, Baltimore, Md.) 


This study is concerned with a series of permanent 
alterations occurring in continuous cultures of normal rat 
mesenchyme cells and leading to the production of ma- 
lignant cells. The strains studied include normal, altered 
normal, and malignant cell strains of autologous origin 
which have been under cultivation for eight and one-half 
vears. It has been possible to make direct comparison 
between a normal and a malignant strain derived from it. 
The data to the present time implicate factors con- 
tributed by a culture medium totally heterologous to the 
strains studied. No known extraneous carcinogenic 
agents have been found to play a part in these conversions 


which occurred in stocks of normal cell strains. Dif- 
ferences between normal and malignant autologous 


strains were discussed. 


IS AEROBIC GLYCOLYSIS OF AN INTENSITY 
CHARACTERISTIC OF CANCER TISSUE A 
NORMAL METABOLIC FEATURE OF THE 
MUCOSA OF THE SMALL INTESTINE? OTTO 
ROSENTHAL. (Harrison Department of Surgical 
Research, School of Medicine, University of Penn- 
sylvania, Philadelphia, Pa.) 


In 1941 Dickens and Weil-Malherbe reported that the 
rate of aerobic glycolysis of normal duodenal or jejunal 
mucosa of rat and mouse equals that generally obtained 
with cancer tissue. These authors believed they had 
eliminated the possibility of an artefact in spite of the 
exceptional observation that the aerobic glycolysis was 
as high as the anaerobic glycolysis. Such complete ab- 


sence of the Pasteur effect has never before been observed 
in undamaged tissues whether normal or malignant. 

Since the mucous membranes of murine species are 
extremely fragile the metabolism of the more stable 
duodenal mucosa of the rabbit was studied manometrical- 
lv by means of Warburg’s indirect method. In addition, 
lactic acid was determined colorimetrically with the 
method of Barker and Summerson. 

The rates of respiration and of anaerobic glycolysis of 
the rabbit mucosa approximated those obtained with 
duodenal mucosa of the rat by Dickens and Weil- 
Malherbe. Qoz2 and QG2 averaged 9.5 and 7.9  re- 
spectively (initial dry weight basis, 60 minutes). The 
aerobic glycolysis, however, amounted to but 10 per cent 
of the anaerobic glycolysis. The Pasteur effect was thus 
evident. Persistence of a small aerobic glycolysis is com- 
monly found with normal tissues 77 vitro. 

While these results do not eliminate the possibility that 
the high aerobic glycolysis of murine mucosa of the small 
intestine is a peculiarity of the species, the known absence 
of species differences in the metabolism of colonic mucosa 
does not favor this interpretation, but rather suggests 
an artefact. 


MICROMETRIC INVESTIGATIONS ON MYELO- 
MA CELLS AND NORMAL BONE MARROW 
PLASMA CELLS. HARALD GORMSEN. (De- 
partment of Pathology, University Institute of 
Forensic Medicine, Copenhagen, Denmark) 

Micrometric investigations by ocular micrometer have 
been carried out on normal bone marrow plasma cells 
(smears of sternal punctures and sections of bone marrow 
from 15 normal adult persons) and on myeloma cells 
(smears of sternal punctures and sections of myeloma 
tissue from 29 patients). In each preparation 50 cells and 
their nuclei have been measured in longitudinal and 
transverse direction. The average values of the 50 
measurements have been subjected to statistical analysis. 

In 18 of the 29 cases of myeloma both the nuclei and 
total cell size were significantly larger than normal plasma 
cells in bone marrow. In 8 cases, only the nuclei of the 
myeloma cells were significantly larger than nuclei of 
normal plasma cells in the bone marrow, whereas 3 
myeloma cases showed cell- and nuclei-sizes that did not 
differ from normal bone marrow plasma cells. 

Consequently, in the majority of myeloma cases (in the 
present material 26 out of 29) the myeloma cells differ 
unmistakably from normal bone marrow cells. In a few 
cases (in the present material 3 out of 29) myeloma cells 
in all aspects (cell size, nucleus size, nuclear structure, 
etc.) are morphologically identical with normal bone 
marrow plasma cells. 

This observation is of practical importance in the use 
of sternal punctures for the differential diagnosis between 
myelomatosis and conditions with reactive plasma cell 
proliferation in the bone marrow (infections, etc.). 

No significant relation could be demonstrated between 
the degree of morphological abnormality of myeloma 
cells and the clinical symptoms or the course of the 
myeloma cases 
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THE EFFECT OF SOME CARCINOGENIC AMI- 
NOAZO DYES ON THE AUTOXIDATION OF 
LINOLEIC ACID. H. P. RUSCH, and J. A. 
MILLER. (McArdle Memorial Laboratory, Uni- 
versity of Wisconsin, Madison, Wis.) 


Previous publications from this laboratory have demon- 
strated that carcinogens including certain azo dyes 
inhibit the autoxidation of unsaturated lipids. The 
present paper describes in more detail the effect of 
p-dimethylaminoazobenzene and its demethylated de- 
rivatives on the autoxidation of purified linoleic acid. 
The aminoazo dyes were purified by chromatographic 
adsorption. Known quantities of linoleic acid and the 
azo dyes were placed in Warburg flasks and the rate of 
autoxidation was followed manometrically at 36.5° C. 
The flasks contained linoleic acid alone or with varying 
levels of p-dimethylaminoazobenzene (DAB), p-mono- 
methylaminoazobenzene (MAB), or p-aminoazobenzene 
(AB). 

DAB and MAB both increased the latent period of 
oxidation of linoleic acid, the former being a more effect- 
ive antioxidant than the latter, and the antioxidant effect 
of each dye was proportional to the concentration em- 
ployed. Thus, when DAB was used at concentrations of 
M/200, M/100, and M/50 the oxidation of the linoleic 
acid at the end of the first 24 hour period had progressed 
only 56, 29, and 0 per cent respectively as compared to 
the acid alone. With the same levels of MAB, the 
amount of oxidation was 73, 45, and 35 per cent re- 
spectively. Contrary to the inhibiting effect of the 
methylated dyes, AB shortened the latent period slightly. 

As the autoxidation proceeded, the azo dyes dis- 
appeared from the flasks and DAB and MAB were found 
to be demethylated. At the end of 30 hours 90 per cent 
of the DAB initially added had disappeared from the 
flask but MAB appeared in amounts equal to 85 per cent 
of the starting level of DAB. Small amounts of AB were 
also found throughout the run. MAB disappeared more 
slowly than DAB during the course of the oxidation and 
it was found to be demethylated to AB. AB disappeared 
very rapidly in oxidizing linoleic acid and no other basic 
dye was detected in the mixture. | 


THE INHIBITION OF THE GROWTH OF LACTO- 
BACILLUS CASEI BY P-MONOMETHYLAMI- 
NOAZOBENZENE AND ITS REVERSAL BY 
RIBOFLAVIN. E. C. MILLER, H. N. KINGS- 
LEY, and J. A. MILLER. (McArdle Memorial 
Laboratory, University of Wisconsin, Madison, Wis.) 


The activity of the hepatic carcinogens p-dimethyl- 
aminoazobenzene and p-monomethylaminoazobenzene 
can be greatly modified by the character of the diet in 
which they are fed. In particular, feeding diets high in 
riboflavin to rats greatly delays tumor development due 
to these compounds. This antagonism has now been 
studied using the growth of L. casei as the end point; the 
growth of this organism is proportional to the riboflavin 
content of the medium. The bacteria were grown in the 
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medium of Roberts and Snell except that in certain cases 
amino acids were substituted for a part of the hydrolyzed 
casein. Growth was measured turbidimetrically 24 hours 
after inoculation. p-Monomethylaminoazobenzene was 
generally used because it is 10 times as soluble as p-di- 
methylaminoazobenzene in aqueous media. 

When 1 to 3 wgm. of p-monomethylaminoazobenzene 
were added per ml. of medium, growth was inhibited by 
60 to 90 per cent at riboflavin levels of 0.01 to 0.15 ygm. 
per ml. Increasing the level of riboflavin to 1.25 yugm. 
per ml. decreased the inhibition to 0 to 40 per cent; 
higher levels of riboflavin were impractical because of the 
poor solubility of the vitamin. The inhibition due to the 
dye could also be reversed by an unidentified constituent 
present in fresh pancreatic digests of casein; the activity 
of this factor decreased on storage in the cold for 4 to 8 
weeks. When Saccharomyces cerevisiae was grown 
anaerobically in the same medium, its growth was 
inhibited 20 to 40 per cent at levels up to 0.2 ugm. of 
riboflavin per ml. Larger amounts of riboflavin usually 
reduced the inhibition to 10 per cent or less. S. cerevisiae 
destroyed 80 to 90 per cent of the p-monomethylamino- 
azobenzene in the medium at the high levels of riboflavin 
while L. casez destroyed only 10 to 20 per cent. 


SUSCEPTIBILITY OF STRAIN C MICE TO o0- 
AMINOAZOTOLUENE. H. B. ANDERVONT, 
and THELMA B. DUNN. (National Cancer In- 
stitute, Bethesda, Md.) 


Female mice of strain C are much more susceptible than 
males to hepatic lesions induced by o-aminoazotoluene. 
Castration of males considerably increases their sus- 
ceptibility while castration of females lowers their sus- 
ceptibility. Administration of testosterone propionate to 
castrated males or females lowers their susceptibility to 
that of intact males. The compound induces hemangio- 
endotheliomas in both sexes. The site of origin of these 
tumors is influenced by the site of administration of 
the compound. 


TUMORS PRODUCED IN RATS AFTER INGES- 
TION OR PAINTING OF 2-NITRO, 2-AMINO, 
N-ACETYL-2-AMINO, AND N-DIACETYL-2- 
AMINO FLUORENE. H. P. MORRIS, C. S. 
DUBNIK, T. B. DUNN, and J. M. JOHNSON. 
(National Cancer Institute, Bethesda, Md.) 


The carcinogenic effect on the rat of 4 derivatives of 
fluorene were studied after both ingestion and painting. 
In the feeding experiments each derivative was fed to 
rats at a level of 0.05 per cent in a low-fat synthetic diet 
for 160 days. The average daily ingestion of carcinogen 
ranged from 4.0 to 4.7 mgm. In the painting experiments 
a 2 per cent acetone solution of each compound was 
applied thrice weekly to the scapular region. The esti- 
mated amount of carcinogen given with each application 
was 0.5 mgm. during the first 6 months and 1.00 mgm. 
thereafter. The painted rats were fed a stock diet. 
Autopsies were made after the appearance of tumors or 
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hen death appeared imminent. Sixty-four tumors were 
ontified histologically in 104 treated animals. No 
}umors were found in control animals. 

i )istant tumors were produced by all 4 derivatives after 
cither ingestion or painting. 2-Aminofluorene was the 
ouly compound producing skin tumors. The majority of 
‘iver tumors were observed in rats after ingesting either 
ihe mono or diacetyl derivative. The 2-nitro derivative 
induced no liver tumors. The results of these experiments 
suggest for both types of administration an increasing 
order of carcinogenicity from the nitro to the amino to 
the mono or diacetyl derivative. The type of distant 
tumors produced, while not dependent on the route of 
administration, seems to be influenced by it. 


PARALLEL EFFECTS OF CERTAIN DIETS UPON 
THE RETENTION OF RIBOFLAVIN AND THE 
FORMATION OF HEPATIC TUMORS IN THE 
LIVERS OF RATS. A. C. GRIFFIN, and C. A. 
BAUMANN. (Department of Biochemistry, Uni- 
versity of Wisconsin, Madison, Wis.) 

When p-dimethylaminoazobenzene was fed to rats, the 
amount of riboflavin in the liver varied with the con- 
centration of this vitamin in the diet: liver storage was 
lower on synthetic or semi-synthetic diets containing 
0.77 of riboflavin per gm. of diet than on similar diets 
containing 2.0y of riboflavin per gm. The rate of tumor 
formation was faster on the lower level of riboflavin 
intake, and on any one level it was essentially the same 
whether the other B vitamins were supplied as a syn- 
thetic mixture or as a crude rice concentrate. In the 
presence of m’-methyl-p-dimethylaminoazobenzene the 
hepatic storage of riboflavin was low on both dietary 
levels of the vitamin; and previous studies have indicated 
that tumors due to m’-methyl-p-dimethylaminoazo- 
benzene form at essentially the same rate on either diet. 

In the presence of p-dimethylaminoazobenzene more 
riboflavin was retained in the liver when the fat of the 
diet was hydrogenated coconut oil than when it was corn 
oil. Hepatic tumors are known to form more rapidly 
when the latter oil is fed. In the presence of m’-methyl- 
p-dimethylaminoazobenzene, however, essentially the 
same amounts of riboflavin were found in the liver whether 
corn oil or hydrogenated coconut oil were fed, and on the 
basal diets used, the nature of the oil does not appear to 
affect the rate at which liver tumors develop when the 
m’-methyl dye is the carcinogen. These results, and the 
quantitative relationship between the carcinogenicity of 
the many azo dyes and their effects on hepatic riboflavin, 
suggest that riboflavin retention parallels the ability of 
the liver to resist the formation of tumors due to azo dyes. 


THE LEVELS OF LIPIDS AND CARCINOGENIC 
AZO-DYES IN THE LIVERS OF RATS FED 
VARIOUS DIETS CONTAINING p-DIMETHYL- 
AMINOAZOBENZENE. RELATIONSHIP TO 
THE FORMATION OF HEPATOMAS. HER- 
BERT SILVERSTONE, and ALBERT TANNEN- 
BAUM. (Department of Cancer Research, Michael 
Reese Hospital, Chicago, III.) 


The hypothesis that diets affect the formation of 
azo-dye-induced hepatomas in rats through modifying the 
level of carcinogenic azo dyes in the liver has been studied. 
The possibility that carcinogenicity might be influenced 
by the liver lipid level was also considered. Groups of 24 
rats were fed the following diets: (a) brown rice; (b) 
brown rice plus 15 per cent brewers’ yeast; (c) a “‘syn- 
thetic’’ diet high in protein and fat; (d) a “‘synthetic” diet 
low in protein and high in fat; (e) a similar “synthetic” 
diet low in both fat and protein. Six hundredths per cent 
p-dimethylaminoazobenzene was incorporated into each 
of the diets for 4 months; the dye was then omitted and 
the diets continued until death of the animal or the 
termination of the experiment 2 months later. The same 
diets with azo dye were also fed to groups of 5 rats for 7 
weeks, following which the animals were sacrificed and 
their livers analyzed for total lipids, free and _ total 
cholesterol, lipid phosphorus, and carcinogenic azo dyes 
(p-dimethylaminoazobenzene plus p-monomethylamino- 
azobenzene). The levels of azo dyes appeared to be posi- 
tively associated with the formation of hepatomas. There 
was no evidence that either hepatoma formation or the 
concentration of carcinogenic azo dve in the liver are 
dependent on the level of liver lipids. 


INFLUENCE OF THIOURACIL UPON THE CAR- 
CINOGENIC ACTION OF ACETYLAMINO- 
FLUORENE. K. E. PASCHKIS, A. CANTAROW, 
and J. STASNEY. (Jefferson Medical College and 
Hospital, Philadelphia, Pa.) 


Rats fed 2-acetylaminofluorene develop a variety of 
malignant tumors. We have reported previously that 
treatment with certain sex hormones hastens and inten- 
sifies the development of cancer of the liver by this 
carcinogen. We have now found that administration of 
thiouracil protects the liver against the carcinogenic and 
other effects of acetylaminofluorene and also against the 
‘“notentiated”’ carcinogenicity of combined acetylamino- 
fluorene and testosterone treatment. At the same time 
there are indications that the androgenic effect of 
testosterone is more pronounced in animals receiving 
thiouracil than in those receiving the hormone alone. 
These findings suggest that the protective action of 
thiouracil may consist, in part at least, in preventing the 
transformation of testosterone to a compound of carcino- 
genic (or co-carcinogenic) and at the same time of 
lessened androgenic potency. 

Thiouracil treatment failed to protect the liver against 
the carcinogenic effect of dimethylaminoazobenzene. 

The thyroid glands of animals treated with acetyl- 
aminofluorene and thiouracil show essentiaily the same 
changes (hyperplasia, adenoma) as those observed in rats 
treated over long periods of time with thiouracil alone. 
Malignancy of the thyroid developed in a few animals 
treated with acetylaminofluorene and thiouracil. In- 
asmuch as this has been reported by others in rats treated 
with thiouracil alone, the carcinogen appears merely to 
hasten and intensify the development of thyroid malig- 
nancy without being essential to it. 
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THE CARCINOGENICITY OF CERTAIN COM- 
POUNDS RELATED TO p-DIMETHYLAMINO- 
AZOBENZENE. KANEMATSU SUGIURA. 
(Memorial Hospital, New York, N. Y.) 


Many aminoazobenzene derivatives have been tested 
for carcinogenic activity in the rat. N,N-dimethyl-p- 
aminoazobenzene and V-methyl-p-aminoazobenzene have 
been found to be equally carcinogenic. They produced 
cholangiomas and hepatomas in all animals tested in ap- 
proximately the same period of time. N,N-dimethyl-3’- 
methyl-p-aminoazobenzene was more carcinogenic than 
the parent compound V,N-dimethyl-p-aminoazobenzene; 
but the V,N-dimethyl-2’-methyl-p-aminoazobenzene and 
N,N-dimethyl-4’-methyl-p-aminoazobenzene were very 
much less active. N,N-diethyl-p-aminoazobenzene and 
all other higher alkyl homologues of N,N-dimethyl-p- 
aminoazobenzene tested failed to produce cirrhosis or 
neoplastic changes in the liver of the rat when fed in 
equimolecular amounts. 

The investigation has been extended to several com- 
pounds of this series which have not been previously 


SA 


tested. Rats were fed a rice diet to which 0.05 per cent of 
N,N-dimethyl-p-aminoazobenzene dissolved in cotton- 
seed oil or molar equivalent amounts of the other com- 
pounds were added. The diet was supplemented with a 
slice of fresh carrot and water daily. Feeding was con- 
tinued until the animals either succumbed or were sac- 
rificed at the end of the experimental period of 250 days. 
The results showed the V-methyl-3’-methyl-p-aminoazo- 
benzene was at least as carcinogenic as the N-methyl or 
N,N-dimethyl compound. However, the N-methyl-2’- 
methyl-p-aminoazobenzene and the N-methyl-4’-methyl- 
p-aminoazobenzene were very much less carcinogenic. 
Although N,N-diethyl-p-aminoazobenzene was _ non- 
carcinogenic, V-methyl-N-ethyl-p-aminoazobenzene was 
definitely carcinogenic, an indication of the importance 
of the methyl radical for carcinogenesis. N,N-diethanol- 
p-aminoazobenzene was also noncarcinogenic. The livers 
of rats fed N,N-dimethyl-4’-hydroxy-p-aminoazobenzene 
had smooth surfaces and histological examination showed 
no evidence of tumors, bile duct changes, or abnormal 
regeneration of the ducts and liver cells, or any abnormal 
nuclear alteration. 
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American Association for Cancer Research, Inc. 


38th Annual Meeting 


Hotel Stevens, Chicago, Illinois 
May 16 and 17, 1947 


Proceedings of Business Sessions 


MINUTES OF THE MEETING OF THE BOARD 
oF Drrectors HELD May 15, 1947 


The Board of Directors met at 8:30 p.m., May 15, 1947 
at the Stevens Hotel in Chicago, [llinois. Drs. Bittner, 
Brues, Cowdry, Doisy, Furth, Gardner, Huggins, Little, 
Shear and Taylor were present. 

[It was voted that the reading of the minutes of the last 
meeting be waived. 

REPORTS OF OFFICERS 


The Chairman of the Board exhibited charts showing 
the number of new members elected and the number of 
papers presented at the annual meetings of the Associa- 
tion since 1915. By vote of the Board these charts are 
reproduced here. The Chairman also showed a list of the 
Officers, Directors and Councillors of the Association 
since 1915. 

The Acting Treasurer announced the receipt during 
the year of several gifts totalling $51.00, largely in mem- 
ory of Mrs. Marcella Dill. After brief discussion, it was 
voted that these and other gifts to the Association be 
segregated as a special Journal Fund. 

The Treasurer’s report was read and on the motion of 
Dr. M. J. Shear, who had been appointed auditor, was 
accepted. 


REPORTS OF COMMITTEES 


Program Committee—Chairman J. J. Bittner reported 
that all of the papers submitted for presentation were 
accepted and placed on the program. 


Nominating Committee—Chairman H. C. Taylor, Jr. 
reported that his Committee had nominated for members 
of the Board of Directors to serve until 1950: Drs. A. M. 
Brues, B. L. Coley, E. T. Engle, J. Furth, C. D. Haagen- 
sen, J. G. Kidd, C. C. Little and Shields Warren. These 
names were listed on the proxies sent to the members of 
the Association by the Acting Secretary. Count of the 
proxies showed that Drs. Brues, Furth, Little and Warren 
received the largest number of votes. It was voted, 
‘That the Acting- Secretary cast one vote for the nominees 
chosen by the members.”’ The new Directors were then 
declared elected. 


Membership Committee—Chairman Charles Huggins 
reported that the Association now had 517 active members 
and 8 emeritus or honorary members. 

The nominations for active membership were pre- 
sented. Fifty-five candidates were recommended for 
election. They were: 

ALBRIGHT, FULLER, M.D., Massachusetts General Hos- 
pital, Boston, Mass. 


BAUMBERGER, J. 
California. 
Beck, LyLte V., PH.D., Hahnemann Medical College, 
Philadelphia, Pa. 

BEGG, ROBERT WILLIAM, M.D., Dalhousie University, 
Halifax, N. S., Canada. 

BENNETT, WARREN A., M.D., Mayo Clinic, Rochester, 
Minn. 

BIERMAN, Howarp, R., M.D., University of California 
Hospital, San Francisco, Calif. 

BOWMAN, Russet O., PH.D., Rhode Island Hospital, 
Providence, R. I. 
BURDETTE, WALTER J., PH.D., M.D., Louisiana State 
University School of Medicine, New Orleans, La. 
CACERES, EpuARDO, M.D., San Marcos University, Lima, 
Peru. 

Curtis, MAYNIE R., PH.D., Detroit Institute of Cancer 
Research, Detroit, Mich. 

CuTTING, WINDSOR C., M.D., Stanford University School 
of Medicine, San Francisco, Calif. 
DILLER, IRENE Corey, PH.D., The Institute for Cancer 
Research, Lankenau Hospital, Philadelphia, Pa. 
DuBOFF, GREGORY, M.S., 504 Franklin St., Buffalo, N. Y. 
DuUBNIK, CELIA S8., B.A., National Cancer Institute, 
Bethesda, Md. 

DUNNING, WILHELMINA F., PH.D., Wayne University 
College of Medicine, Detroit, Mich. 

ENGEL, R. W., PH.D., Alabama Polytechnic Institute, 
Auburn, Ala. 

FISHBACK, HAMILTON R., Sc.D., M.D., Northwestern Uni- 
versity Medical School, Chicago, Ill. 

FRIEDMAN, NATHAN B., M.D., Army Institute of Pa- 
thology, Washington, D. C. 

GARCIA, GERMAN GaArcIA, M.D., Hospitol Espanol, 
Mexico, D. F. 

GESSLER, ALBERT E., Pu.D., Interchemical Corporation, 
New York, N. Y. 

GOLAND, Puitip P., M.D., University of Pennsylvania, 
Philadelphia, Pa. 

GORDON, Myron, PH.D., American Museum of Natural 
History, New York, N.Y. 

GREENE, HARRY JONATHAN, M.D., Kings County Hos- 
pital, Brooklyn, N. Y. 

GyOrGy, Paut, M.D., University of Pennsylvania School 
of Medicine, Philadelphia, Pa. 

Ham, ARTHUR WorTH, M.D., University of Toronto, 
Toronto, Ontario, Canada. 

HAUSCHKA, THEODORE SPAETH, PH.D., The Institute for 
Cancer Research, Lankenau Hospital, Philadelphia, 
Pa. 

HOLLANDER, FRANKLIN, PH.D., The Mount Sinai Hospital, 
New York, N. Y. 

HuMMEL, KATHERINE PATTEE, PH.D., Roscoe B. Jackson 
Memorial Laboratory, Bar Harbor, Me. 

Jones, Howarp W., Jr., M.D., Johns Hopkins University, 
Baltimore, Md. 


Percy, D.Sc., Stanford University, 
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April 30, 1947 


Cash on deposit (Union & New Haven Trust Co.) March 1, 1946 


Cash on hand, March 1, 1946 


Checks outstanding, March 1, 1946 


Cash on deposit (Greenwich Savings Bank) March 1, 1946 


Interest on Savings Account to January 1, 1947 
Receipts March 1, 1946 to April 30, 1947 

Dues collected 

Gifts 


Subscriptions to Cancer Research 


Disbursements March 1, 1946 to April 30, 1947 
Secretarial Assistance 


Printing (Nomination forms, billheads, letterheads and ballots.) 


Stamps 

Reprints of By-Laws and list of members 
Envelopes and labels for mailing 

Meeting March 11 and 12, 1946 


Registration cards, identification badges and tickets 


Rental on projector 

Programs 

Stenographic service 

Annual dinner (City tax, gratuities) 

Expenses of Program Committee 
Bank charges on foreign checks 
Subscriptions to Cancer Research 
Assessment for Cancer Research 

1946 

1947 


Fourth International Cancer Research Congress 


Contribution 

Cable and telephone 
National Society for Medical Research 
Refund on overpaid dues 


Balance April 30, 1947 
Dues receivable 

















$2441.96 
67.00 
2508.96 
20.03 
2488.93 
635.10 
9.55 
1607.66 
51.00 
20.00 
4812.24 
$ 150.00 
64.00 
79.15 
$80.63 
20.38 101.01 
287.14 
46.25 
10.00 
95.00 
38.36 
88.63 
8.90 
1.69 
20.00 
475.00 
522.00 
512.63 
500.00 
12.63 
50.00 
6.00 
$2269.12 $4812.24 
2543.12 
488.00 
$3031.12 


CHARLES W. HOooKER, Acting Secretary-Treasurer 


I hereby certify that the accounts and vouchers in the American Association for Cancer Research, Inc., 
for the above recorded period have been examined by me, and that the above are true statements of its 
financial operations and of its financial conditions as of April 30, 1947. 


KAHN, REUBEN L., D.Sc., University Hospital, University 
of Michigan, Ann Arbor, Mich. 

LaszLo, DANIEL, M.D., Montefiore Hospital, New York, 
N. Y. 

LEBLOND, CHARLES PHILIPPE, M.D., Po.D., McGill Uni- 
versity Medical School, Montreal, Quebec, Canada. 

Lisco, HERMANN, M.D., Argonne National Laboratory, 
Chicago, IIl. 

McCutTcHeon, Morton, M.D., University of Pennsyl- 
vania Medical School, Philadelphia, Pa. 

MEYER, LEO MartTIN, M.D., 550 East 16th St. Brooklyn, 
New York. 

MILLER, FRANKLIN R., M.D., Jefferson Medical College 
and Hospital, Philadelphia, Pa. 

MontTGOMERY, HucGu, M.D., Hospital of the University of 
Pennsylvania, Philadelphia, Pa. 


M. J. SHEAR, Auditor for the Directors 


MOREHEAD, ROBERT PAGE, M.D., The Bowman Gray 
School of Medicine, Wake Forest College, Winston- 
Salem, N. C. 

NIGRELLI, Ross F., Po.D., New York Zoological Society, 
New York, N. Y. 

OwEN, Purp S., M.D., National Research Council, 
Washington, D. C. 

PARKER, RayMonpd C., PuH.D., University of Toronto, 
Toronto, Ontario, Canada. 

Poot, JOHN LAWRENCE, M.D., 140 East 154th street, New 
York, N. Y. 

QUASTLER, HENRY, M.D., Carle Hospital Clinic, Urbana, 
Ill. 

REIFENSTEIN, EDWARD C., JR., M.D., 
General Hospital, Boston, Mass. 


Massachusetts 
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Ronerts, EUGENE, Pu.D., Barnard Free Skin and Cancer 
Hospital, St. Louis, Mo. 

RouerTson, Wa. V. B., Pa.D., College of Medicine, Uni- 
versity of Vermont, Burlington, Vt. 

RuNNER, MerReEpDITH N., PH.D., Roscoe B. Jackson Me- 
morial Laboratory, Bar Harbor, Me. 

Royster, HENRY P., M.D., University of Pennsylvania 
School of Medicine, Philadelphia, Pa. 

SatomMon, Kurt, M.D., Pu.D., University of Rochester, 
School of Medicine and Dentistry, Rochester, N. Y. 

SCARBOROUGH, J. Ettiot, M.D., Emory University Hos- 
pital, Emory University, Ga. 

SELIGMAN, ARNOLD M., M.D., Beth Israel Hospital and 
Harvard Medical School, Boston, Mass. 

SmitH, PAUL KENNETH, PH.D., George Washington Uni- 
versity School of Medicine, Washington, D. C. 

STASNEY, JOSEPH, M.D., Jefferson Medical College, Phil- 
adelphia, Pa. 

SterN, Kurt, M.D., Mount Sinai Hospital, Chicago, IIl. 

Wuite, Puitip R., Pu.D., The Institute for Cancer Re- 
search, Lankenau Hospital, Philadelphia, Pa. 


It was recommended that two nominees be elected 
contributing members: 
Cari A. GeERSTACKER, B.S.E., Elsa U. Pardee Foundation, 
Midland, Mich. 
RoBerT P. MEADER, M.D., 4002 Jenkins Arcade, Pitts- 
burgh, Pa. 


It was recommended that the following distinguished 
scientists be elected Honorary Members: 


Dr. E. C. Dopps, London 
Dr. E. L. KENNAWAyY, London 
Dr. A. LACASSAGNE, Paris 


It was voted “‘That the report of the Committee be 
accepted and their recommendations be adopted.’ The 
nominees were then declared elected as recommended. 

Dr. Huggins then presented the recommendation of 
his Committee with respect to the qualifications for mem- 
bership as specified in the By-Laws. As amended, the 
recommendation reads: 


“The Committee recommends the following changes 
in the By Laws of the Association: 

1. That Section 1 and 2 of Article I of the By-Laws 
be rescinded. 


2. That the following clause be substituted for Section 
[ of Article I: 


Section 1, Members. 


(a) The Association is to consist of three classes: 
active members, emeritus members and honorary 
members. 


(b) Candidates for active membership shall be 
workers in good professional standing who have been 
active for at least two years in cancer research or for 
three years in research with one year in cancer re- 
search. Any person with these qualifications who 
has conducted and published meritorious researches 
in the field of cancer research and who is a resident of 
the Americas shall be eligible for active membership 
in the Association. 


(c) Emeritus members are those who have at- 
tained the age of 65 years and have been members 


for ten years or more. They shall be exempt from 
dues. 


(d) Distinguished scientists and others who have 
contributed to the advance of cancer research shall 
be eligible for election as honorary members of the 
Association. Honorary members shall be exempt 
from dues; they shall have the right to attend the 
meetings of the Association and of taking part in its 
scientific discussions, but they shall have no vote. 


3. That Section 2 of Article I be amended to read: 


Section 2. Election of Members.—The Board of Directors 
at any time and from time to time may elect to member- 
ship persons who meet the qualifications listed in 
Section 1. 


4. That the changes in the rules regarding membership 
be made not retroactive from May 1947.” 

In the discussion of the proposal it was pointed out that 
under Section 1, (c) the transfer to Emeritus Membership 
becomes automatic and does not necessitate application 
by the member as heretofore. 

It was voted ‘“That the recommended changes in the 
By-Laws be approved and adopted.” It was also voted 
“That the Membership Committee be given a hearty 
vote of thanks for a splendid job.” 

The Acting Secretary reported that applications for 
transfer to Emeritus Membership had been received from 
Dr. W. F. Jacobs and Dr. E. B. Krumbhaar. The trans- 
fers were approved. 

The resignations of four members were accepted: 


ALVIN J. Cox, San Francisco, California 
CarRL F, SIEKMAN, Buffalo, New York 
LESTER F. Wicks, St. Louis, Missouri 
MELVIN C. REINHARD, Buffalo, New York 


The deaths of the following members were regretfully 
announced. 
HALSsEY J. BAGG 
STARLING W. CHILDS 
ARTHUR E. HERTZLER 
BARNET JOSEPH 
WarRD J. MACNEAL 
GEORGE H. SEMKEN 
BuRTON T. SIMPSON 
ROLLIN H. STEVENS 


Journal Committee—Chairman M. J. Shear reported 
that his Committee met in Philadelphia on February 13, 
1947. The approximate cost of publishing Cancer Re- 
search in 1946 was $16,500. For the same year there were 
895 subscriptions. Approximately 230 subscriptions were 
at $5.00 (yielding $1,150) and 660 at $7.00 (yielding 
$4,620); the total received from subscriptions was thus 
$5,770. The Association contributes to the journal $1.00 
of the $3.00 dues paid by the 530 members. The total 
income was, then, about $6,300, leaving an apparent 
deficit of about $10,000. 

The deficit has been met by contributions from the 
Donner Foundation, The Jane Coffin Childs Fund, and 
the Anna Fuller Fund. The Pardee Fund has asked to 
participate, and W. W. Allen of that Fund has been 
appointed to the Advisory Board of Cancer Research. 

The Journal Committee has raised the following 
questions: 
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(1) Would it be advisable to raise the dues from 
$3 to $7, giving the journal $5 instead of $1, and giv- 
ing each member, automatically, a paid subscription 
to Cancer Research? At present, members who sub- 
scribe are paying $8 instead of the proposed $7. 

(2) Since only 182 of the 530 members subscribe, 
should an effort be made to stimulate subscriptions 
by members if the above question receives an 
adverse response? 

(3) Should an effort be made to conduct a sub- 
scription drive among scientists, clin.cians and others 
who might subscribe if the journal were called to 
their attention in an effective fashion? 


The Committee viewed with approval the idea of at- 
tempting to establish an endowment for the journal. It 
also recommended that the Association encourage its 
members to submit more of their original papers to Cancer 
Research, and that it authorize the Editor to stimulate 
competent workers to prepare reviews on selected sub- 
jects for the journal. 

Now that the subscription list is approaching 1,000, the 
Business Manager has been requested to investigate the 
possibility of securing advertisements. 

The question given greatest attention was that of in- 
creasing the annual dues of the members and making 
subscriptions automatic. It was voted ‘‘That the pro- 
nosal be referred to the members of the Association.” It 
was also voted, with one Director dissenting, ‘That a 
favorable recommendation of the Board of Directors 
accompany the referral.”’ 


UNFINISHED BUSINESS 


The Chairman reported the results of his inquiry into 
the possibility and desirability of the Association’s 
affiliating with the Federation of American Societies for 
Experimental Biology. It was voted “That consideration 
of affiliation with the Federation be terminated.” 

It was disclosed that no financial report of the last 
International Cancer Research Congress is available. 

The Chairman reviewed the desirability of having a 
history of the Association prepared and reported that 
Dr. W. H. Woglom declined appointment as historian. 
It was voted “That the Chairman appoint a Committee 
to obtain from the older members of the Association data 
and their recollections on the early history of the As- 
sociation.”’ This action was regarded necessary in view 
of the lack of data from 1907, the year of organization, to 
1915. Dr. C. C. Little was appointed Chairman of the 
committee and instructed to select his own associates. 


NEW BUSINESS 

The World Health Organization and the desirability 
of the Association’s participation were discussed briefly. 
It was decided that the next Chairman of the Board 
appoint a committee to formulate recommendations. 

Nominations for officers for the coming year were then 
made; For President, John J. Bittner; for Vice-President, 
Charles Huggins. It was voted “That Charles W. Hooker 
be appointed Secretary-Treasurer for the coming year 
and be made ex-officio a member of the Board of Directors.”’ 

It was voted that the costs of conducting the annual 
meeting be paid from the funds of the Association. 


The meeting was adjourned at 12:00 midnight. 


WILLIAM U. GARDNER, 

Chairman, Board of Directors 
CHARLES W. HOOKER, 

Acting Secretary 


MINUTES OF THE MEETING OF THE MEMBERS 
HELD May 16, 1947 


The meeting of the members of the Association was 
called to order at 1:45 p.m., May 16, 1947 at the Stevens 
Hotel in Chicago, Illinois. 

Reading of the minutes of the last meeting was omitted 
on vote of the members. 

The reports of the Acting Treasurer and Auditor were 
presented and approved. 

The results of the count of proxy votes for new Di- 
rectors to serve until 1950 and the action of the Board of 
Directors were reported as recorded in the minutes of the 
meeting of the Board. 

The nominations for officers of the Association made by 
the Board of Directors were read: 


JoHN J. BITTNER, President 
CHARLES HucGcIns, Vice President 
CHARLES W. HOOKER, Secretary-Treasurer 


The candidates were considered separately and elected. 
The list of newly elected members was read by the 
Secretary. These names are recorded in the minutes of 
the meeting of the Board of Directors on May 15, 1947. 
The change in the By-Laws concerning qualifications 
for membership adopted by the Board of Directors was 
read. It was voted “That the change be approved.” 
The proposal that the annual dues of members be in- 
creased from $3.00 to $7.00 and include a subscription to 
Cancer Research was presented and discussed. It was 
voted “That the desire of the members be ascertained by 
distribution of printed ballots by mail.” 
The meeting adjourned at 2:31 p.m. 


WILLIAM U. GARDNER, 
President 
CHARLES W. HOOKER, 
Secretary 


MINUTES OF THE MEETING OF THE BOARD OF 
Drrectors HELp May 17, 1947 


The meeting was called to order at 12:42 p.m. at the 
Stevens Hotel in Chicago, Lllinois, following waiver of 
previous formal notice of the meeting of the Directors 
signed by all Directors present and constituting a quorum. 
Present were Directors Aub, Bittner, Brues, Cowdry, 
Doisy, Gardner, Huggins and Shear. 

The question of publication of abstracts prior to the 
annual meeting was again discussed. It was voted “‘That 
the present procedure be continued next year and that 
the Program Committee submit recommendations as to 
the make-up and handling of the program.” The question 
of symposia being held in conjunction with the annual 
meeting was also discussed and it was voted “That con- 
sideration of symposia be made the responsibility of the 
Program Committee for decision and action.”’ 
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‘ye, W. U. Gardner was appointed chairman of a com- 
‘s+ae to investigate the World Health Organization. 
‘yr C. C. Little was appointed chairman of a committee 
memorials for deceased members. 
‘+ was voted “That Chairman appoint a member of the 
\..ociation to examine the desirability of affiliating with 
‘he Union of Biological Societies and submit a report.” 


NEW BUSINESS 


It was unanimously resolved, “That Charles W. 
Hooker, Secretary-Treasurer and John J. Bittner, 
President, be, and each of them hereby is author- 
ized in the name and on behalf of the Corporation 
to open a bank account or bank accounts with such 
banks, bankers and/or trust companies as they or 
each of them shall determine, and to deposit therein 
to the credit of the Corporation from time to time 
any and all monies and checks of the Corporation; 
and 

Resolved, that the banks, bankers, and/or trust com- 
panies so designated as depositaries of the Cor- 
poration be, and they hereby are, severally 
authorized to honor and pay all checks, drafts, and 
other orders for the payment of money drawn upon 
such account or accounts (including checks, drafts, 
or other orders of one or both of the persons mak- 
ing, signing, or drawing them) made, signed or 
drawn by the following persons: Charles W. 
Hooker or John J. Bittner.”’ 

It was also “Resolved, that the Greenwich Savings 
Bank of 1356 Broadway and 985 Sixth Avenue, 
Borough of Manhattan, City of New York, is 
hereby designated as depositary of funds of this 
corporation and is authorized to honor drafts and 
orders for the payment and withdrawal of moneys 
therefrom made in the name of this corporation 
and signed by President, John J. Bittner, or 
Secretary-Treasurer Charles W. Hooker. 

“And it is Further Resolved that the foregoing 
authority shall continue until written notice of 
revocation of this Resolution shall be received by 
the Greenwich Savings Bank. 

‘And it is Further Resolved that said The Greenwich 
Savings Bank is authorized to accept the certificate 
of the Secretary of this corporation as evidence of 
the names and signatures of the persons at any 


time authorized to act pursuant to this Resolu- 
tion.” 


It was voted “That the sum $250 be allocated for 
secretarial assistance to be used as necessary.” 

It was voted ‘“That the publication of the minutes and 
the scientific proceedings of the meeting be authorized 
and that the cost of publication be paid by the As- 
sociation.” 

The Chairman of the Board proposed the following 
standing committees: 

Program Committee—J. C. Aus, Chairman: A. M. 
BruEs, E. A. Dotsy. 

Nominating Committee—W. U. GARDNER, Chairman: 
W. E. Heston, ALBERT TANNENBAUM. 

Membership Committee——CHARLES Hucetns, Chair- 
man: A. M. BRvuEs, J. FuRTH. 


Journal Committee.—M. J. SHEAR, 
BAYNE-JONES, M. W. S. SCHRAM. 

Cancer Research, its Organization and Support.— 
SHIELDS WARREN, Chairman: CHARLES Hucoins, G. M. 
SMITH. 


Chairman: S. 


The Board approved the proposed Committees. 


It was voted“‘That the report of the Committee on 
Cancer Research, its Organization and Support be pub- 
lished as part of the minutes of the meeting.”’ The report, 
which was read at the annual dinner, follows: 

“The Committee on Cancer Research, its Organization 
and Support, felt that its first responsibility was to de- 
termine the attitude of those carrying on cancer research, 
the members of this Association, toward the Association 
taking a more active part in such matters and to de- 
termine their views with regard to forms of support for 
cancer research recently or currently planned. 

“The questionnaire sent to the members is reproduced 
herewith and the replies tabulated. Many members sent 
additional comments, which have been used to help 
formulate additional recommendations. 

“To summarize the viewpoint of the membership as a 
whole as presented by the questionnaire, there is a pre- 
dominant feeling that the Association should actively 
interest itself in recommendations for the financial sup- 
port of cancer research and also a federal subsidy is 
desirable. However, a lump sum appropriation is op- 
posed. It was felt that no federal funds for cancer 
research should be administered through state health 
departments. The majority of members felt the present 
method of disbursement of federal funds for cancer re- 
search and of funds for cancer research by the American 
Cancer Society through the Committee on Growth to be 
satisfactory. However, approximately one-third of those 
voting felt that the present methods were not entirely 
satisfactory. 

“Tt is obvious that most members desire their Associa- 
tion to take an active part in the organization and sup- 
port of cancer research. 

“The formai organization of cancer research, or of any 
research, is of uncertain value. Only when fundamental 
principles are known, and objectives clearly defined in 
relation to this knowledge can organization be expected 
to yield fruitful results. Organization of research to pre- 
vent duplication, to guide development, tends to sterility 
and to the production of “pot-boilers.”” Such organiza- 
tion might well have prevented the discovery of insulin 
on the ground that the experiments had been done before. 

‘Cancer research has not yet reached and probably 
will never reach the stage where organization of a di- 
rectional type can be other than hampering. Organiza- 
tion for the dissemination of knowledge in the field is 
desirable. Increased support should be given our official 
journal, Cancer Research. Conferences such as those 
sponsored by the American Cancer Society, the Donner 
Foundation and others, of those working in specialized 
fields are of value, as well as such general conferences as 
our projected Fourth International Cancer Research 
Congress next September. 

“Support of Cancer Research should be continuing 
rather than on a lump sum basis with a short time limit, 
as in the proposed Pepper-Nealy Bill of the last session. 
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The problem of cancer is not so nearly solved that a time 
limit can be set for final success. The system of annual 
grants has been widely recognized as unsatisfactory, and 
most major grants-in-aid are now made with a tacit if not 
actual understanding that support will continue for 
several years. 

“Two distinct types of research aimed toward the 
solution of the cancer problem exist—work on funda- 
mental biological, chemical and physical problems that 
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workers is thus inevitable. Special effort should be made 
to provide means of encouraging these to remain in the 
cancer research field and to capitalize on their experience.”’ 

It was voted “That the next annual meeting be held in 
conjunction with the meeting of the Federation of Ameri- 
can Societies for Experimental Biology, preceding that 
meeting if possible.” 

With respect to the program it was agreed that there 
be no change in the current practice of designating non- 


RESULTS OF THE VOTING 


Yes No No vote 
1. (a) Should the Association limit its activities to the publication and inter- 
change of scientific information? 42 119 97 
or 
(b) Should the Association also be interested in recommendations for the 
financial support of cancer research? 223 23 12 
2. Do you favor a Federal subsidy for cancer research? 225 27 6 
3. Isa Federal lump sum appropriation of $100,000,000 for cancer research the 
most satisfactory type of support? 101 107 50 ’ 
4. Should the Association make recommendations for the administration of 
such an appropriation? 223 27 8 
5. Should Federal funds for cancer research be made directly available to 
(a) Institutions for cancer research 219 18 21 
(b) Universities 214 22 22 
(c) Hospitals 183 40235 
(d) Individual investigators 185 49 24 
6. Should Federal funds for cancer research be administered by state health 
departments? 21 231 6 
7. Should the Association seek representation in any Federal agency estab- 
lished to distribute cancer research funds? 219 32 7 i 
8. Is it your opinion that the Association should have representation in other 
national public agencies set up to collect funds from the public to distribute 
them for cancer research? 213 42 3 
Satis- Unsatis- No 
factory factory Opinion 
9. Do you consider the method of disbursement of Federal funds for cancer 
research on recommendation of the National Advisory Cancer Council of the 
United States Public Health Service as satisfactory, unsatisfactory, or have 
you no opinion? 114 50 94 
10. Do you consider the method of disbursement of funds for cancer research by 
the American Cancer Society through the Growth Committee of the National 
Research Council as satisfactory, unsatisfactory, or have you no opinion? 108 53 97 
may shed light on abnormal growth and its control, and members as presenting papers “By invitation”. It was 
work directly aimed at understanding and controlling also agreed that the Program Committee should make 
neoplastic growth. At the present the former type is recommendations as to the style of abstracts acceptable. 
receiving greater emphasis in part because many investiga- Concern was expressed over the interruption of pub- 
tors believe cancer can be understood only through broad _ lication of Cancer Research. After discussion, 
advances in biology, in part because of lack of data to It was Resolved ‘“‘That the Board of Directors of the 
permit a frontal attack, in part because some of those American Association for Cancer Research appreciates 
bringing new knowledge and new techniques to bear on _ the difficulties facing the journal, but wishes to em- 
the cancer problem have little or no knowledge of the _ phasize the urgency of prompt resumption of publication 
disease. in order that the accelerated research in cancer be made 
“One of the most acute problems at present is to con- available to investigators.” 


serve for continued cancer research the young and able 
investigator as he matures. The present system of 
grants-in-aid provides adequately for investigators of 
fellowship grade, but when a worker of proved ability 
reaches his late thirties or forty, annual grants and 
salaries less than those of bus drivers or brick-layers are 
insufficient. A heavy loss of highly trained research 





The meeting was adjourned at 1:30 p.m. 
JOHN J. BITTNER, 
Chairman, Board of Directors 


CHARLES W. HOOKER, 


Secretary 





